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1.0 INTRODUCTION

This document covers the final report end instruction manual for
the "Brassboard” model of the AROD (Airborne Range and Orbit Determina-
tion) vehicle tracking receiver. The purpose of this receiver is to
demonstrate the feasibility of the AROD system by flight tests in en
airplane. Thus, the size, weight, and environmental requirements were
less stringent for this piece of equipment than for one designed to be
flown in a missile or satellite.

While it is not the purpose of this report to discuss the complete
AROD system, a brief description is included to orient the reader to the
purpose and general requirements of the vehicle tracking receiver dis-
cussed in this report.

AROD ig a space vehicle guidance system based on trilateration with
measurements of range and range rate from the vehicle to three or more
fixed ground stations of known location. In the AROD system, the central
station is located on the vehicle. It contains the usual category of
equipment such as standard frequency generator, transmitter, receiver,
demodulators, computer, and such auxilliary devices as are required to
operate the system. Each ground station requires only a transponder
which receives the signal emitted from the vehicle and sends back &
coherent version of the received signal.

The AROD system will provide for similtaneous reception from four
transponders, although only three stations need be received to completely
determine the vehicle's position and course. The vehicle tracking re-
ceiver, therefore, is a four channel unit.

The determinstion of the range to each ground station transponder
is made by measurement of the time delay between transmission of a signal
from the vehicle to the ground station and reception of a signal returned
from the ground station to the vehicle. In order to provide accuracy
in this measurement, the phase delay of a high frequency sine wave modu-~
lated onto the transmitted carrier is measured. Since this measurement
can be ambiguous if the vehicle is at a greater dilstance than one wave
length of the modulating signal, additional lower frequency modulated
signals are used, the lowest one determining the furthest distance at
which a non-ambiguous measurement can be made. AROD uses modulation
frequencies of 2,342 MHz, 73,1875 KHz, 2.287 KHz and T71.47 Hz in order to
provide range measurement accuracies of *l meter at distances to over
L0OO kilometers. The RF carriers are in the 2,2 KMHz band. The vehicle
trensmitter transmits a carrier modulated with the sidetone frequencies.
These are received by the transponder and coherently displaced in fre-
quency. There are four different displacements made to provide for four
receiving channels. Figure 1-1 shovs the relationships of the four carriers
and their sidetones. As will be noted from Figure 1-1, the channels are



interieaved in order to conserve frequency spectrum. The range tones
are single sideband amplitude modulated on their carriers.

Range rate is measured by means of the doppler shift of the re-
ceived signal, which has on it a double doppler resultant from the
round trip made by the signal, since the transponder does not remove
the doppler from the signal received from the vehicle.

The vehicle tracking receiver must receive four channels simul-
taneously extract the range tones from each channel signal, and send
them to the range data extraction unit at the proper amplitudes. Like-
wise the doppler frequency must be extracted and sent to the velocity
data extraction unit.

In order that all frequencies involved are coherent, and accurate
they are generated in a frequency synthesizer whose primary frequency
source is a very stable oscillator. All local oscillator and reference
frequencies,: except the voltage controlled oscillators associated with
phase lock loops are provided by the frequency synthesizer.

During the design of this receiver, conslderation was given to
the ultimate necessity of miniaturizing the product at a later date.
Therefore, in many instances circuits which would permit easy micro-
miniaturization were selected. An example of this is the use of video
type broadband RF amplifiers, with appropriately located filters instead
of using RF amplifiers with tuned circuits. Another example is the use
of active type filters using twin T feedback networks for the audio fre-
quency filters. (Later experience indicated the need for at least one
of the audio filters to take the form of a phase locked loop in order to
obtain a bandwidth narrow enough to remove all undesired signals.)
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2.0 RECEIVER DESCRIPTION

The vehicle tracking receiver is a four channel receiver. The
input section is common to all four channels. The remainder of each
channel is completely independent of all other channels.

2.1 General Description

The vehicle tracking receiver consists of a RF amplifier, first
mixer, and a first i-f amplifier common to all channels. The output
of the first i-f amplifier is split into four parts, one part feeding
the second mixer of each channel. The ITTFL supplied part of this re-
celver starts with the first i-f amplifier, as shown in the block dia-
gram of Figure 2-1, The output on each channel of the first i-f amplifier
feeds the second mixer. This mixer receives its L.O. signal from the
Voltage Controlled Oscillator (VCO) of the main (4.684 MHz) phase-lock
loop. -The output of the second mixer is filtered in two parallel
crystal filters in order to reject the interleaved signals of the ad-
Jacent channel. This is possible, since the doppler is removed from the
main carrier on each channel by the phase-lock loop, and only the small
doppler associated with a frequency of 2.342 MHz is present on the modula-
tion carrier. The second i-f amplifier provides the AGC action as well
as a large share of the receiver gain. Since the VCO's of each channel
are on the same frequency of 84,312 MHz, the second intermediate frequency
of each channel is different. The pertinent signal frequencies for each
channel are listed in Table 2-1

In order that a common frequency can be used for the phase detec-
tors of each channel, a third mixer is used, converting the main carrier
of the second intermediate frequency to L.684 MHz. The phase-lock loop
consists of the phase detector, the P.L.L. filter, the VCO, the second
miser and its following i-f amplifiers and mixers. The phase-lock loop
has a 100 Hz bandwidth which provides a high sensitivity of approximately
-140 dbm for lock on.

-
»

The 2,342 MHz high frequency range tone is extracted by beating ./
together the two carriers in the second i-f amplifier. This signal {g °
then filtered by a phase-lock loop which also provides amplitude demodu-
lation of the lower frequency side tones. In observing the spectyum of
Figure 2-1it will be noticed that no sidetones exist at T1.47 hartz or
at 2.287 KHz. 1In order to eliminate the need for a low frequency sideband
on the 2.342 MHz signel, the 2,287 Kz and 71.47 Hz signal are transmitted
as two frequencles whose sum is 2,287 KHz and whose difference isg TL. 47 Hz.
These signals are extracted by mixing the two freguencies and filtering
out their sum and difference products. The 73.1875 KHz sidetone is ex-
tracted by filtering out this signal from the demodulated 2.342 MHz
carrier, P



TABLE 2-1

AROD VEHICLE TRACKING RECEIVER FREQUENCIES

R.F. 1st IF ond IF 3rd IF
Ch. No. Main Carrlier Main Carrier Main Carrier Mod. Carrier Mein Carrier
MHZ Mz, MHZ MHZ MHZ
1 2211,8848- 96.9588 12.6468 10. 3048 L.68k4
2 2213.1900 98,3640 14,0520 11.7100 L. 684
3 2218. 5766 103.7506 19.4386 17.0966 L, 684
L 2219.9818 105.1558 20,8438 18.5018 L,684

L S



In order that each transponder may be properly identified during
the acquisition period, a pulse modilation is applied to the 73.1875 Kiz
signal. This is demodulated in the vehicle tracking receiver and the
pulse video is delivered to the command decoder for identification.

The "brassboard" receiver is packaged in five chassis, each measur-
ing 7" high by 19" wide (standard rack panel) by 22 inches maximum depth.
One chassis contains the RF amplifier, first mixer, first i-f amplifier
and DC power supplies which are common to all four channels. Each of
the other four chassis contains the remainder of the circuitry required
for each channel, Due to funding limitations, cnly three channels were
actually provided. .The fourth channel can be added at any time.

Each chassis is built in modular form. The common chassis con-
tains two powver supply modules and one first i-f amplifier module. 1In
addition, the RF amplifier and first mixer assemblies will be added to
the common chassis. They were not supplied by ITTFL.

2.1.1 1st I-F Amplifier

The first i-f amplifier provides 50 db of gain to the signals of
all four channels of the Vehicle Tracking Receiver, and distributes 1its
output signal to each channel.

The preliminary design of this amplifier showed that if resistive
type isolation was used at the output of theé active elements, the signsl
level required to be developed before division would be too high to be
handled with normal receiving-type transistors without compression since
no AGC is used in this amplifier. It was therefore decided to put one
stage of amplification in each output leg in order to reduce the high
level signal requirement.

Due to the mechanical layout required for the four output stages
plus & fifth test output stage, some difficulty was encountered in ob-
taining an even distribution of output power and enough overall gain and
inter-output isolation. Several methods of distributing the power to
each output stage were tried, including the use of resistive dividers,
capacitive dividers and half-wave length lines.' None of these were suc-
cessful. Finally the use of three lumped constant hybrid loops as a
power divider solved the distribution problem to the four channel output
stages. The test output stage was capacitively coupled through a very
low value capacitor to the amplifier output stage.

The final design of this amplifier provided over 50 db gain and
better than 50 db isolation between outputs. The test output has approxi-
metely 20 db less gain than the normal receiver outputs, but satisfactory
operation of noise figure measurement equipment is obteined with proper
auxilliary amplifiers.



Wideband video type amplifiers are used not only for this ampli-
fier, but also wherever else possible in this receiver in order to pro-
vide a linear phase characteristic. The phase characteristics are
therefore determined essentially by the filters.

2.1.2 2nd Mixer and Filter

The 2nd mixer has as its inputs the first i-f signal and the VCO
signal. )

The output of this mixer is split and fed to two crystal filters
in parallel. The center frequencies of these two filters are separated
by 2.342 MHz as are the two equal amplitude main signals of each channel,
The highest frequency filter for each channel, centered respectively at
12,6468, 14.0520, 19.4386 and 20.8438 MHz passes the carrier to which
the first phase-lock loop is locked. Since this carrier is always main-

tained at the i-f center frequency and has no modulation on it, the band-

width of these filters is narrow, being +10 KHz. The lower frequency

carrier has on it the 160 Hz doppler, and the 73.1875 KHz, 1.179 and

1,107 KHz sidebands. To accommodate these sidebands, the bandwidth of
the lower frequency filter is +100 KHz.

Since the sidebands appear only on the high frequency side of their
carrier, the filter bandwidth could be narrower, which would result in
about 3 db less nolse getting into the i-f. . However, it was felt that in
the interest of phase stability, the carrier should appear at the center
of the filter, so the wider bandwidth was chosen.

The outputs of the two filters are combined through a resistance
adding network. A two stage broadband video type amplifier provides galn
to compensate that lost through the filters and the adder. The overall
gain of the module is nominally zero db.

2.1.3 2nd I-F Amplifier

This emplifier includes & t-stage tetrode transistor amplifier with
AGC on each stage. The total AGC range is greater than 60 db. Type 3N35
tetrode transistors are used in a circuit which permits compensation of
the phase shift with change in AGC voltage. The AGC voltage is applied to
both the base two and the emitter of the tetrode transistor through
suitable resistor networks. By adjusting the ratio of AGC applied to the
base two and emitter, the change in transit time with AGC voltage can be
made to compensate for the change in phase caused by circuit detuning.
Since this amplifier is of the broadband video type without tuned circuits,
the change in phase due to effective output capacitance change will be
small, so that only a small change in transit time is required. Due to
funding limitations no actual measurements of the change in phase of this
amplifier with AGC were made., It is anticipated that this will be done on
the overall receiver by the systems integration contractor,
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The 5-stage amplificr is followed by a filter of about 4 megacycles
bandwidth to limit the noise to lecvels so that they are within the dynamic
range of the following amplifiers. This filter i1s of the pil network type
which provides a high degree of phase linearity across its passband. Two
additional stages of amplification are provided to bring the net gain of
this module to about 50 db.

At this point the signal is split. One portion goes to the third
mixer where it is converted to 4.5 MHz. The other portion is further
amplified and fed to a diode rectifier. The DC output of this rectifier
is used as a non-correlated AGC and is normally set to hold the output
signal level 20 db higher than the correlated AGC level., This diode
rectifier also acts as a mixer in which the two main signals, located
2.342 MHz apart beat together to produce the 2.342 MHz range tone signal.

There are two possible methods of developing this 2.342 MHz range
tone signal. Each has advantages and disadvantages. By mixing the two
signals together as is being done in this receiver, the phase relation-
ship between the two carriers is preserved. However, the threshold of
efficient detection appears to be at a signal-to-noise level of about
-15 dbm into the diode detector. Also, the output signal level from
this diode detector varies over the dynamic range of operation. This can’
be overcome by the use of & separate AGC control on the 2.342 MHz signal,
The implementation of such an AGC will not be difficult, since the
correlation detector output of the phase-lock loop used to filter the
2.342 MHz signal provides a voltage to control the AGC. If the diode
detector continues to be used in future receivers, it is strongly recom-
mended that such an AGC control be added. With sufficient gain in the
2.342 MHz signal path, and using amplifiers of great enough dynamic range,
it should be possible to make this method operate satisfactorily at input
signal levels as low as -130 dbm.

The other method of obtaining the 2,342 MHz signal 1s to replace
one of the received signals by a locally generated clean signal. In this
manner, the 2.342 MHz signal can be generated at input signal levels as
low as that to which the receiver main phase-lock loop will remain locked.
The incoming signal is kept in phase with the locally generated signal

- through the main phase-lock loop. However, there is a phgse error present

which is that required by this phase-lock loop to track the signal. By
the use of a modified third order loop, this error is kept below 5 degrees.
Still it is a source of error in the measurement. So &8 compromise must

be made as to whether it 1s better to eliminate this source of error and
have a lower useable sensitivity of the receiver, or to involve in the
measurement the tracking error of the phase-lock loop, but in so doing,

be able to operate at a lower value of input signal level. Since receiver
noise begins to be an sppreciable source of error at input signal levels



below -130 dbm it is recommended that the diode detector be retained,
with AGC of the 2.342 MHz signal added.

2.1.4 AGC Circuits

A high-gain AGC loop is used in this receiver. The output of the
main loop correlation detector varies less than one-quarter of a db over
a signal input range from -140 dbm to -90 dbm into the first i-f ampli-
fier., At signal levels below -140O dbm the correlation output drops off
less than 3 db to the point where lock is lost.

The input to°the AGC amplifier is a diode switch which automatic-
ally selects the correlated AGC source or the uncorrelated AGC source
according to which output is the most negative value. This assures that.
the correlation output will take over and hold the receiver i-f output
to the phase detector at the proper value to provide the required phase-
lock loop bandwidth. The output of the AGC amplifier drives two emitter
followers. Oné of these provides the AGC voltage to the i-f stages; the
other provides a monitor voltage to telemeter the AGC level.

The AGC time constant has been selected at 300 milliseconds for
the AGC buss to reach 90% of its final value after a 6 db step change
in input, which does not cause overload of the receiver circuits. This
value was selected as a reasonable compromise which will be satisfactory
under the usual operating conditions, since no selection of the time con-
stant is provided. Actually, this velue will change some with signal
level, since the AGC loop gain is not constant with changes in signal
level. This is due to the fact that the AGC vs dbm signal level is not
a straight line but becomes flatter as the input signal level increases.
Thus the gain of the AGC loop is higher at higher input signal levels
which reduces the time constant.

Upon acquisition, when the gain control switches from the non-
correlated to the correlated AGC, it may require several seconds for
the ACC to settle out to its final value. If this is objectionable in
system operation, it may be necessary to shorten the AGC time constant.
A value of 50 to 100 milliseconds may be a good compromise under this
condition. '

2.1.5 Third I-F Mixer and L.O. Signal Generator

The original design of the receiver called for the phase detector
frequency to be equal to that of the second i-f amplifier. This required
the phase detector to operate at frequencies from 10 to 20 MHz. While
it is quite probable that, with sufficlent time, a satisfactory phese
detector operating at these frequencies could be developed, it was felt
thet in view of the short time scale involved, it was better to use the
4.5 MHz phase detector which ITTFL had already developed. This then

2=
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required a third conversion of the intermediate frequency to a frequency
close to #.5 Miz. Since a hk.G84 Miz reference frequency was available
from the frequency synthesizer, this was chosen as the 3rd intermediate
frequency.

Since the synthesizer also puts out a frequency equal to that of
the second intermediate frequency on. each channel, it was decided that
this signal would be mixed with the L.684 MHz to produce a L.O. frequency
4,604 Mhz below the 2nd intermediate frequency to be used as an L.O.
signal for the third mixer. While this appeared simple, there were prob-
lems of keeping the coherent 4,684 Mc signal from entering the i-f channel
through the mixers, <or from stray coupling. One problem was due to the
high (+10 dbm) level of these signals from the frequency synthesizer.

The first module built proved to have excessive correlated reference sig-
nal in the i-f output, and a relayout of this module was made, using a
separate shielded compartment for developing the L.O. signal from the
two reference signals. At the same time the level of the reference sig--
nals brought.into the module was reduced by 10 db. The levels of these
reference signals were further attenuated inside the module with the
result that the level of undesired reference signal in the i-f output was
acceptably low.

In the L.0. signal generator section, the attenuated input ref-
erence signals are fed into a balanced mixer. Since neither of these
signals is high enough in level to saturate the mixer, its output
level is dependent upon the input level of both slgnals. However, the
output signal level of the frequency synthesizer will be constant, so
no ill effects should be noticed from this. In fact, this provides a
method of gain control which will be discussed later.

The signal from the second i-f amplifier is filtered with a
bandpass of *700 KHz to remove the lower frequency signal and its side-
bands. It i1s then converted to 4.684 MHz in a balanced mixer. Another
L-C filter with a *500 KHz passband follows the mixer to remove any of
the L.0O. signal which might get through the balanced mixer. The output
of this filter 1s split to feed two identical output amplifiers. One of
these feeds the phase detector. The other output was provided to drive
a discriminator as an acquisition aid. The acquisition aid circuit was
eliminated from this procurement, but the output was retained in case
it is later decided to add the discriminator. In the meantime, this
output makes a useful test point.

While originally conceived to have unity gain, this circuit actually

supplies from 8 to 15 db gain, depending upon the level of the higher
frequency reference signal supplied to the signal generator signal.
Because of this, it is possible to use the gain variation of this circuit
to control the level of the 2,342 MHz signal output of the second i-f
amplifier module. Since the AGC system holds the level of the received
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signal to the phase detector constant, the output level of the 2nd i-T
amplifier will be determined by the gain of the 3rd mixer circuit. The
level of the 2.342 MHz signal is determined by the output level of the
ond i-f emplifier. Hence the 2.342 MHz output level can be controlled
by adjusting the higher frequency reference voltage level to the L.O.
signal generator circuit. It should be noted that the 4.684 MHz ref-
erence signal must be held at a level between -2 dbm and O dbm as this
signal is also fed to the phase detector. If the level of this reference
signal falls much below -2 dbm, the dynamic range of the phase detector
will be reduced.

2.1.6 L4,684 MHz Phase Detector

The 4,684 MHz phase detector uses essentislly the same module as
is used in the ITTFL Model 4003 Autotrack Receiver. The circuits of this
phase detector tune to 4.684 MHz without any changes required. The only
change made in this module to adapt it to the AROD receiver was to elimin-
ate two auxilliary output amplifier stages, which were not required.

This phase detector module contains two identical phase detectors
with amplifiers on both the signal and reference inputs of each to provide
the proper drive and isolation. The phase detector itself consists of &
double diode quad bridge providing full-wave detection. The DC balance of
these phase detectors remains within 1% of the nominal meximum output,
and is typically less than #2.5 millivolts. '

Isolation ig provided in both the reference and signal input leads
between the two phase detectors in this module. The reference signal to
one phase detector is shifted by 90 degrees with respect to the reference
signal to the other phase detector. This allows one to become a corre-
lation detector while the other acts as a phase detector. A potentiometer
adjustment of this phase shift is provided.

The nominal value of reference signals to this module is O dbm,
although it can be operated with -2 dbm reference signal with negligible
degradation of performance. The nominal value of i-f signal required by
this module is -30 dbm, or 7 millivolts RMS into 50 ohms, which produces
an output of 0.25 volts per radien phase error near the zero output region.
Due to the sine function characteristic, the maximum DC output of the cor-
relation detector is #0.25 volts with -30 dbm input level. This output
is amplified by en operational amplifier whose gain can be adjusted from
unity to about 90, However, the output of the operational amplifier limits
at values of 12 to 14 volts. In the AROD receiver the gain is set to a
value of approximately 16, providing a nominal DC output of -4 volts.

The dynamic range which the i-f signal amplifiers in this phase
detector can accommodate is 26 db., Since peask noise to peek signal ratio
is in the order of 6 db, this phase detector can accommodate without



Clipping, a noise level 20 db above the signal lcvel. This means that
for maximum performance the i-f bandwidth ahead of the phase detector
should be limited to 100 times the phase-lock loop bandwidth, or for a
100 Hz loop bandwidth the i-f bandwidth should be 10 KHz (*5 KHz). How-
ever if an additional crystal filter must be used to provide this band-
width, the steep phase slope of the combination of this filter and the
$10 KHz crystal filter following the 2nd mixer can produce an unstable
condition in the loop which prevents the loop from locking to the
signal. To prevent this, the bandwidth of the i-f amplifier has been
limited only by the *10 KHz crystal filter following the 2nd mixer.

The phase-lock loop will remain locked at signal levels of -140O dbm or
lover.

2.1.7 L4.684 MHz P.L.L, Filter

The 4.684 MHz or main phase-lock loop includes the 2nd mixer,
2nd i-f amplifier, 3rd mixer, phase detector, filter and VCO, including
the frequency multiplier of the VCO module.

This loop is of a modified third order design. By separating the
break frequencies of the passive and active filters in the loop, & con-
siderable gain in loop stability is obtained with only a slight degrada-
tion of performance. In the AROD system, a very low order of both static
and dynamic phase error is required when following high rates of doppler
shift so as to not introduce errors into the measurements.

The P.L.L. filter used is essentially a copy of the filter used
in the ITTFL Model 4003 Autotrack Receiver, with changes in the resistor
values as required because of the difference in VCO sensitivity. Another
change made was the substitution of the Philbrick Model PP6SA operational
amplifier for the larger Model P2 amplifier. The PP6SA amplifer, however,
has a lower input impedance than the P2, which limits the impedance allow-
able in the passive filter. To provide the required loop bandwidth of 100
cps, the passive filter series resistance is 115 K ohms which is satis-
factory for use with the PP65SA amplifier,

The tuning circuit used with the third order loop enables the tun-
ing voltage to be removed from the loop after acquisition without causing
a transient. Due to the necessity of removing any bias from the tuning
control voltage, the actual switching is performed by & releay, rather than
a solid state switch, This relay also operates a front panel indicator
lamp to show that the loop is locked. A monitor output point to telemeter
the in-lock condition is also provided.

2.1.8 Acquisition Circuits

The acquisition circuit is required to remove the tuning voltage
from the phase-lock loop when acquisition has been accomplished. Upon
acquisition, the correlation detector produces a negative output voltage.

2-10
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This voltarc is riltered and amplified. It then operates a relay to
remove the tuning voltage. VWhile the use of relays in high reliability
devices is to be avoided as much as possible, the requirement exists

here that the tuning voltage be applied or removed without a DC offset
and that in the open state, an extremely high resistence be maintained.
Due to the limited time scale available, the relay was the logical choice
for the "brassboard" model. However, if possible, a solid state type of
switch should be developed for this purpose.

The acquisition circuits for both phase-lock loops are identical.

2.1.9 Signal-to-Nokse Ratio Detector

Since the AGC of the receiver keeps the signal output of the i-f
amplifier at a constant value, the measurement of the signal-to-noise
ratio can be accomplished by a measurement of the noise level.

Recelver input noise is contained with the frequency band between
the modulated carrier and its 73.1875 KHz sideband. This noise 1is present
in the output of the 2.342 MHz signal developed by mixing the two main
signals of the channel. The region at 2.305 MHz, which is half-way be- .
tween the 73.1875 and the 1.179 KHz sidebands was chosen as a good region
to sample the noise.

A crystal filter is used to pass only a T KHz wide region which
contains the desired noise components. This noise is then amplified in
a two-stage tuned amplifier since phase response is not impartant. The
output of the amplifier is detected by a diode rectifier. The rectified
nolse output after filtering is available at & monitor point for tele-
metering. An emitter follower is used to provide a low impedance output,
This DC voltege is also used to operate a Schmitt trigger which provides
a positive output voltage whenever the signal-to-noise ratio fells below
& predetermined point. This point is adjustable over a range represent-
ing a signal-to-noise ratio in the 100 Hz phase-lock loop bandwidth of
10 to over LO db.

2.1.10 VCO

Upon recommendation of the contracting agency, a Damon Engineering
Corp. crystal controlled VCO was used. This unit was purchased to specifi-
cations of less than 250 cycles drift per year, However, the units actu-
ally received exhibited considerably greater drift, as much as 1 Ke¢ over
a two week period. However, after an initial drift, the units seemed to
settle down to a lower rate of drift. No actual measurement of this drift
was made,

The VCXO is at 10.539 MHz. The output frequency is quadrupled and
then doubled to 84,312 MHz. All of the circuitry is straightforward. Two
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isolated output amplifiers provide separate outputs for the second mixer
L.0. and the doppler detector.

The VCO was specified to have a sensitivity of 3 .KHz per volt (at
10.539 MHz). The units received actually had a sensitivity of 2.2 KHz
per volt. This required about *9.1 volts swing instead of the anticipated
$6.7 volts to cover the *160 Mhz range. It was agreed with the contract-
ing agency that if the VCO could be swung *140 Khz, it would be adequate
for the tests envisioned. Accordingly the calibration of the front panel
frequency meter was made *150 Khz, which fitted the scale nicely. However,
it was found that on all of the channels, the VCO could be pulled to the
+160 KHz originally. requested, which causes the front panel frequency meter
to go off-scale. This should not damage the meter as the overload cannot
exceed 150% of full scale due to limiting in the driving amplifiers, nor
can such overload be suddenly applied.

.

2.1.11 Doppler Detector

The dbppler detector not only extracts the doppler frequency from
the VCO output, but also multiplies this frequency by a factor of ten.

The VCO input frequency of 84,312 MHz plus or minus the doppler fre-
quency is mixed with a 70.260 MHz standard frequency signal supplied by the
frequency synthesizer to produce a signal of 1L.052 MHz plus or minus the
doppler. This 14.052 MHz signal is then multiplied by factors of five and
two to produce a frequency of 140.52 MHz plus or minus ten times the doppler.
This signal is mixed with a 140,52 MHz standard frequency signal supplied
by the frequency synthesizer to produce a signal of ten times the doppler
signal. Since this signal will go through zero frequency, it would be
necessary to provide DC coupling of the output. In order to eliminate the
need for DC coupling, a low frequency of 2.5 Hz was chosen as the 3 db cut-
off frequency, which considerably simplified the required circuitry.

One doppler detector is required for each channel. However, only
one output of the 70.26 and 140.52 MHz signals was provided on the frequency
synthesizer. In order to enable the four channels to use the single output,
the reference signals are routed from the doppler detector of one channel

-to the doppler detector of the next channel. Two connectors are provided

on each channel chassis for each of these two signals., It is necessary that
each of these lines be finally terminated in 50 ohms., Therefore, the last
chassis to recelve these reference frequencies will have the output jack
terminated with a 50 ohm load.

Within the doppler detector module, the reference signals are taken
off of the supply line with a high impedance which provides very light load-
ing of the supply line, so that essentially equal power is available to each
doppler detector. It also provides good isolation between doppler detectors
of the four channels.
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2.1.12 2.342 MHz Phase-Lock Loop

The 2.342 MHz phase-lock loop consists only of a phase detector,
filter, and VCO. The VCO signal is used as a reference signal for the
phase detector, so that the VCO tracks the incoming 2.342 MHz signal.
Thus, the VCO frequency &nd phase is a replica of the incoming signal,
but stripped of its modulation and most of its noise, due to the narrow
bandwidth of the phase-lock loop. A slight error required to keep the
loop in lock exists between the phase of the VCO and the incoming 2.342
MHz signal. Due to the use of a third order loop, the phase error re-
quired to statically or dynamically follow the signal is less than one
degree. However, this is about one-third of the total error with which
the phase must be measured in order to meet the anticipated range measure-
ment accuracy of *1 meter.

The VCXO is a Damon Engineering Corp., crystal voltage controlled
oscillator, operating at 2.342 MHz, The output of the VCXO is split
with resistance isolation networks to supply two output stages. One of
these supplies an output signal level of +10 dbm at 50 ohms impedance
to the range extraction unit. The other supplies an output signal level
of O dbm at 50 ohms to the phase detector.

The phase-lock loop 1s a modified third order loop with a tuning
circuit similar to that used in the main phase-lock loop. In order to
provide acquisition of a signal as much as LOO cps from the nominal VCO
frequency, the phase-lock loop has a bandwidth of 100 Hz when in the un-
acquired state. However, as soon as the correlation .detector provides
a sufficient output signal, a relay operates to narrow the bandwidth to
10 Hz. Since this change in bandwidth required a change in the passive
filter resistance, which is in the DC input circuit to the operational
amplifier, i1t was necessary to provide a separate path through which the
DC input current, required at zero input voltage, could be supplied.
This then allowed the filter resistance to be changed without introducing
a zero shift in the operational amplifier output. In order that the
impedance of this path does not appreciably load the passive filter, the
bias current circuit consists of a very high value resistor (15 megohms)
fed from an adjustable source of voltage. In order that the adjustment
range could be kept small enough to enable a fine adjustment of voltage
to be made, the range of voltage required had to be tailored to each
operational amplifier,

To switch the bandwidth of this filter, a four pole relay was
originally used as it was believed that several of the filter elements
would require changing. However, it was later determined necessary to
switch only one element of the filter which, with switching the tuning
voltage, required only a two pole relay. However, the four pole relay
was left in the circuit,
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2.1.13 2,342 Miz Phasc Detector

The 2.342 Mz phase detector, except for frequency, is identical
with the 4,684 MHz phase dctector. It was necessary only to change the
tuncd circuits. The correlation detector of this module provides the
amplitude demodulation of the 2.3h2 MHz signal, producing the 1.107,
1,179, and 73.1875 Kz frequencies. In order to increase the amplitude
of these frequencies as well as to provide a low impedance (500 ohm)
gsource, an amplifier 1s provided. A gain control was also provided so
that the proper level of signal could be obtained at this output.

2.1.14 Range Tone Extraction Circuits

The range tone extraction circuits filter out the 73.1875 KHz
range tone, develop and filter the 2.287 KHz and 71.47 Hz range tones.
The input signal is the demoduloted spectrum from the 2.342 MHz carrier.
The input signal is divided, onec portion going to a 73 KiHz filter having
a 4 KHz bandwidth, and the other part going through a low-pass filter to
a demodulator. The low pass filter removes the 73 KHz signal from the
demodulator input.

The output of the demodulator consists meinly of six frequency
components, which are the 1.107 end 1.179 KHz signals, their sums, differ-
ences, and second harmonics. Smaller amounts of other harmonics and inter-
modulation products are also present. The desired signals of 71,47 Hz
and 2,286 KHz are filtered through two separate filters, each consisting of
amplifier stages with twin T feedback networks. While from the standpoint
of the frequency band needed to be passed, both of these filters could be
of a 1 Hz bandwidth, from the phase response standpoint, a considerably
wider bandwidth, such as 50 Hz 1s required in order to prevent an appre-
ciasble shift in phase as the frequency changes., Since the ratio of side-
tone frequencies used for range embiguity removal is 32, the phase must
be determined with an accuracy of better than 32/360 or roughly, 10 degrees,
which would be 15 degrees from the true reading. Therefore, no more than
about 2 degrees can be permitted for variation of phase due to the filter
phase slopes.

A difficulty arises in the 2.287 KHz filter because of the second
harmonics of the two detected signals being only %71 Hz from the 2.287 KHz
signal. Since these signals at t7l Hz must be suppressed by at least 40O
db, it 1s impossible to do this with a conventional filter without pro-
ducing an unacceptable phase shift across the bands. However, & phase-
lock loop filter would permit a bandwidth of a fraction of a Hertz and
yet require less than one degree of phase error to follow the signal.
Since this requirement was not realized until late in the program, time
and funding did not permit a change to a phase-lock loop filter., However,
if the zero crossing point is used in the range extraction unit, it may
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be possible to live with this output as is. If not, it will be'nccef-
sary to add a phase-lock loop filter to this output. ’

No problem presented itself in the extraction of the 71.47 Hz
signal.

The 73.1875 KHz signal, after filtering through the 4 KHz wide
filter has had considerable noise, as well as other unwanted signals
removed from it. This signal is egain split, with one portion going
through another 73.1875 KHz filter, this one having a bandwidth of %50 Hz.
The cutput of this filter is amplified and becomes the 73.1875 KHz range
tone signal. The dther portion of the first 73.1875 KHz filter output
is detected in a diode detector to obtain the pulse code modulation. In
order to minimize noise riding on these pulses, the video amplifier is
designed to clip the signal. This results in flat tops and bottoms to
the pulses, but the rise and fall points are moved by the noise on weak
signals. :

Separate output level controls are provided on each of the three
range tone outputs as well as the pulse video output.

2.2 Detailed Module Description

The following sections describe in detail the function and opera-
tion of each module in the receiver, using block diagrams and schematics.

2.2.1 TFirst I-F Amplifier Module

Refer to Figure 2-2 for a block diagram of the lst i-f amplifier
module. Refer to Table 2-2 for target specifications and to Figure 8-2
for schematic of this module. One unit is used to supply all four channels.

The basic purpose of this module is to amplify the incoming sig-
nals, all eight of them, and to distribute them equally to all four channel
systems. Some frequency discrimination is provided in individual channel
outputs in order to reduce the total spectrum power delivered to any one
channel. Therefore, each output favors one particular channel and pro-
vides some attenuation for undesired channels. About 70 db of back iso-
lation is provided in each channel output to insure no cross channel inter-
ference due to backward isolation path via L.O. chain, etc. All channels
have equal outputs in pairs of signals. The first section of this module
is very broadbanded to insure good linear phase response over the passband.

The eight combination of input signals together with their modula-
tion sidebands are applied to J-1 from the first mixer. A pi coupling
network is used to couple the input to & transistor amplifier using a
2N2398. The output of the amplifier is fed to a filter (IC - 5 section Pi)
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with a 30 Milz BW, centered at 100 15[z, This passes 05 to 119 Iz signals.
The filtcr output is i'ed to a three-stage vidco amplificr using 212398
transistors. The output of the last video amplifier is coupled to a
pover divider through a pi network and is also lightly coupled to a test
output stage.

The power divider, a hybrid type, diastridbutes the power equally
to 4 output amplifiers using 2N2398 transistora, Each stage is coupled
to an output jack using a pil network coupling device to obtain proper
impedance level and each pi network is tuned to the center of the desired
channel. The, test output uses similar devices but is much broader in
order to allow all signals to be passed.

Microdot connectors are used throughout for signal connections
and the chassis uses standard components with no printed boards. The
power divider is built on a vector board and mounted in the center of
the chassis.,

2.2.2 Second Mixer Module (A1)

Refer to Figure 2-3, 2-4 and 2-5 for block diegrems of the Second
Mixer and Filter Module. Refer to Table 2-3 for target specifications
and Figure 8-6, 8-7 and 8-8 for schematics of this module. The dasic
purpose of this module is to convert signals in the 95 to 105 MHz range
to signals in the 10 to 20 MHz range. It is not intended to provide gain
in this module. All input signal and output signal connections are de-
signed for 50 ohm circuits. All channels require the same local oscillator
frequency, 84.312 MHz.

The input signals, which are different combinations for each chan-
nel, consist of two equal amplitude signals 2.342 MHz epart with the lower
frequency one containing modulation sidebands, fed to input connector J1.
An IC filter is provided consisting of 5 pi sections. This type of filter
provides very linear phase response when aligned properly. The 3 db band-
width is approximately 5 MHz. The filter provides partial isolation to
signals of other channels thus reducing the input power of signals of

other channels to the balanced mixer.

A second LC filter is provided which 1s also a 5 section pi filter
and with a narrow bandwidth., This filter is placed in the L.0, input and
passes 84,312 MHz but rejects the input signals. This provides isolation
of channels through the L.0. feed system.

Signals from both filters are fed to a balanced mixer stage. The
balanced mixer is a transistor mixer using two 2N2398 transistors. A
balancing potentiometer is provided in both bias circuits to allow each
mixer to be aligned for maximum rejection of input signals at the parallel
collector circuit. These potentiometers can be optimized for conversion
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TABLE 2-2

SPECIFICATION IOR 15T I-F AMPLIFIER MODULE

1. Input Frequency: ok.5 MHz to 105.25 MHz
2. Tuning Range: Fixed
3. Bandwidth (-3 db): 25 Miz minimum 26% BW 87 to 113 MHz
b, Noise Figure: 7 db maximum
) 5 db design goal
Se Gain: 50 db £2 db (Need 40 db)
6. Phase Character- +1% from linear +13 MHz (Goal) (Renge in Item 11)
istics:
T. Input/Output: 50 ohms (VSWR 1.5:1)
8. Input/Output Connec- Microdot 31-50
tors:
9. Input Signal Level -127 to -81 dbm (includes peaking factor)
Range:
10. Output Signal Level -77 to -31 dbm (no compression)
Range:
11, Output Band Pess: -1 db each Channel:
Channel 1 - 94.5/96.9 MHz
Channel 2 - 96/98.4 MHz
Chamnel 3 - 101.4/103.8 MHz
Channel 4 - 102.8/105.2 MHz
Test Output - 9%.5/105.25 MHZ (Bw3)
12, Power Input: +18 VDC @ 50 ma
-18 VDC @ 50 ma
DEGP Connector
13. Size: 2 3/4" high x 3 7/8" wide x 9 1/2" long
Weight: 3 lbs.
1k, Temperature: 25° ¢ +10° ¢ minimum

0° ¢ to 60° C design goal
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gain as well as for balancing. Test point TP-2 is provided on the out-
put of the mixer. The mixer output is divided in a passive resistance
divider and ic fed to two parallel crystal filters. Isolation between
filter inputs as well as outputs is necessary to allow normal filter
responsc and lincar phase response. The crystal filter outputs are com-
bined in a second passive resistance network and then fed to a two-stage
video amplifier. The video amplifier is necessary to recover the losses
incurred in the filters and the passive isolation networks. Two 2N2996
transistors are used for this purpose. Each channel block diagram shows
the output frequencies. The higher frequency signal will be 2 db higher
in amplitude to compensate for gain drop-off in the next module, A test
point, TP-1, is also provided for output monitoring. Microdot connectors
are used throughout for signal comnectors. Separate partitions are used
for shielding filter sections of the input filters. Printed boards are
used for sctive circuits. Crystal filters use a temporary mounting
arrangement for the original modules.

2.2.3 2nd I-F Amplifier Module

Refer to Figure 2-6, 2-7, 2-8 for block diegrams of the 2nd I-F
Amplifier Module, Refer to Table 2-b for target specifications and to
Figures 8-9, 8-10 and 8-11 for schematics of this module. The basic
purpose of this module is to provide 50 db of amplification and an AGC
control range of better than LO db, This module also provides a detector
circuit with two purposes; first to supply the 2.342 MHz signal developed
from both of each channel's carriers and secondly to provide an uncor-
related AGC voltage, which sets the sensitivity of the system with no
signal applied. A gate is also provided to allow correlation AGC take-
over upon lock-on during system operation.

Each channel's block diagram or the schematic shows the input
frequencies which are fed to J-1. This input is swamped with a 100 ohm
resistor whose function is stabilization and to maintain a VSWR less than
1.5:1 over the required frequency range. Five cascaded video amplifiers
follow, using 3N35 tetrode transistors. These stages provide & galn over-
all of 40 to 50 db depending on the frequency. A phase compensation control
R-1 is provided to allow constant phase response adjustment over the dy~

I

Since the tetrode amplifiers are very broed, a large noise spectrum
occurs which detracts from the dynamic range of the following amplifiers
especially because of the low frequency noise spectrum present. There-
fore, a bandpass filter is provided which has a 5 Mz bandwidth at the
-3 db points. This limits the noise spectrum to a tolerable level of
power. The filter feeds a two-stage video amplifier and its output 1s
connected to J-3. Negative feedback is incorporated into this emplifier
to maintain more even gain response and stability. A 100 ohm swamping
resistor is used to maintain VSWR 1.5:1 or less.

" namic AGC range.
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TABLE -4

SPECIFICATION FOR SECOND MIXER AND FILTER MODULE

Input Frequency:

L.0. Input Frequency:

Tuning Range:

Output Frequencies

and Bandwidths
(BW3)

Noise:Figure:

Phase Characteristic:

Input/Output
Impedance:

Input/Output
Connectors:

Gain: (Overall)

L.0. Isolation:
Dynamic Range:

Power Input:

Size:
Weight:

Temperature:

Channel 1 - OL.6168 MHz 96.9588 MHz
Channel 2 - 96.0220 MHz 98.364L0 MHz
Chamnel 3 - 101.4086 MHz 103.7506 MHz
Channel 4 - 102.8200 MHz 105.1558 MHz

84,3120 MHz (A1l channels) Level O dbm

Fixed for each channel

Channel 1 - 12.6468 MHz (20 KHz) 10.3048 MHz (200 KHz)
Channel 2 - 14.0520 MHz (20 KHz) 11.7100 MHz (200 KHz)
Channel 3 - 19.4386 MHz (20 KHz) 17.0966 MHz (200 KHz)
Channel L - 20.8438 MHz (20 KHz) 18.5018 MHz (200 KHz)
10 db Max. (Test run in conjunction with Module #2) -

Phase deviation with temperature not to exceed 0.3
deg. at specified center frequency, 00 C to +60° C
is design goal. (25° C #10° C minimum) and phase
deviation with temperature to match in channel pairs
and = +1% from Linear BW3 design goal.

50 ohm Nom. VSWR 1.5:1 Max.
Microdot 31-50 or equivalent

Unity gain %2 db
(IF output) 30 db minimum
No compression -77 dbm to -31 dbm

-18 VDC @ 20 ma
Connector DEQP

2 3/4" high x 3 7/8" wide x 9 1/2" long
3 lbs.

25° ¢ $10° C minimum
0° ¢ to 60° C design goal

Each channel input filter to be tuned for optimization of the desired

signal.
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The video amplifier output is also fed to a second video ampli-
fier in order to increase the level before detection. The output of
this video amplifier is fed to a diode detector. A 2,342 MHz amplifier
and a transformer is used to provide 3 outputs at 2.342 MHz. A test
point, TP-6, is provided ahead of the video detector. NOTE: On Channel
2, which was the first channel built, a two-stage video amplifier feeds
the detector with no gain at 2.34%2 MHz following. This arrangement
limits on high noise peaks (when receiving a weak signal) and prevents
proper operation of the signal-to-noise detector in the P.L.L. Filter
Module. This was changed to the above arrangement on Channels 1 and 3.

A DC voltage is also derived from the diode detector, which is
proportioned to the uncorrelated signal level at the detector. This
negative voltage is fed to a diode gate and to an AGC amplifier. Its
level is adjustable by R-2. This .voltage is well filtered. When lock-
on to a signel is achieved, the correlated voltage from the correlation
detector over-rides the uncorrelated detector voltage end locks it out
of the circuit. The channel then operates on correlated AGC voltage.

The AGC system in this module consists of the diode gate whose
output is fed to Q-12 a PNP Silicon 2N1036 Transistor. Potentiometer
R-3 in the emitter circuit of Q-12 adjusts the AGC DC level, and hence
the amplifier output level. The output of the 2N1036 is fed to a two-
stage cascaded DC amplifier Q-11 and Q-10, both 2N336 transistors, which
provides a 180 degree phase reversal. This amplifier in turn feeds two
emitter follower drivers Q-9 and Q-8, 2N336 transistors, whose output DC
range is controlled by diode CR-2. Another diode, CR-7, prevents the bases
of Q-8 and Q-9 from going more than one-half volt negative. The two
separate emitter followers feed the metering system and the AGC buss line
to the tetrodes. A Jjumper is required on the power plug, P-2, between
Pins 2 and 3 to close the AGC system. Removal of the jumper allows
manual AGC operation during test by application of a 0 to +5 volt bias at
Pin 3 of J-2.

All active circuitry is constructed on one printed board placed in
the bottom of the module., Microdot printed board connectors (female) are
used on the printed board for signal connections. A DE9P Cannon connector
is used for power. The bandpass filter is placed on top of the chassis.

2.2.4 3rd I-F Converter Module

Refer to Figures 2-9, 2-10 and 2-11 for block diagrams of the
3rd I-F Converter Module, Refer to Table 2-5 for target specifications
and to Figures 8-12, 8-13 and 8-14 for schematics of this module. The
basic purpose of this module is to convert signals in the 12 to 21 MHz
range to a signal at 4,684 MHz. It also produces the required L.0.,
signal from two reference signals. This module is a unity gain module

2-2h
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1.
12,
13.
1k,

15,

SPECIFICATION TOR SECOID

T/BLE 2-L

I-F AMPLIFIER MODULE

Input Frequency:

Input Level:

Gain:

AGC Controi Range:

AGC Linearity:

Output No. 1:

Output No. 2:

Output Nos. 3, U4, S:

AGC Loop Gain:
ACG Input:
AGC Output:

Input/Output. Im-
pedance:

Input/Output VSWR:

Noise Figure:

Bandwidth:

Phgse Characteristic:

Power Input:

Channel
Channel
Channel
Channel

Fw o
[

-T77 dom
60 db *2 db
60 db minimum

(TBD)

-17 dbm - Channel 1
Channel 2
Channel 3
Channel U

O dbm - Channel 1
Channel 2
Channel 3
Channel 4

10.3048 and 12.6468 MHz
11.710 and 14,052 MHz

17.0966 and 19.4386 Mz
18.5018 and 20.8438 Miz

10.30L48 end 12.6468 MHz
11.71 and 1k.052 MHz

17.0966 and 19.4386 MHz
18.5018 and 20.8438 MHz

10.3048 and 12.6468 MHz
11.71 and 14.052 MHz

17.0966 and 19.4386 MHz
18.5018 and 20.8438 MHz

0 dbm - 2.342 MHz (Detected output)

TBD
0 to -4 volts DC
0 to +4+ volts DC

50 ohms nominal

1.5:) maximum
10 db maximum
»15 Me

TBD

+18 VDC @ 20 ma

-18 VIC @ 20 ma
DE9P Connector
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16.

170

TABLE 2-4 (Cont. )

Size: 2 3/4" high x 3 7/8" wide x 9 1/2" long
Weight: 2.5 lbs,
Temperature: 25%.¢ +10° .C minimum

00 C to 60° ¢ design goal



but high isolation of L.O., signals from the signal output is a neces-
sity. Therefore, the module is made in two separated sections each of
which has 1ts own printed board with a full partition and finger stock
between partitions. Each section is powered by different power supplies,
one on the -18 volt supply and the other on the +18 volt power supply.

Each channel's block diagram shows the input frequencies and
levels which are fed to J-2. These block diegrams elso show the L,O.
signals fed to J-4 and J-6 in each case. First let us consider the
second section which is powered by the +18 volt supply. This section
has a 4.684 MHz input from the synthesizer. It also has an output of
this signal and only a very small amount of 4.684 MHz energy is actually
used by this module. The output connector must be terminated in 50
ohms in order to load the 4,684 MHz input, which otherwise would not
be properly matched. Section 2 also receives a second frequency from
the synthesizer whose frequency varies from channel to channel but is
always a coherent signal and is harmonically related in all cases.
This second signal is attenuated by use of a 20 db pi pad to lower its
level for isolation purposes.

Both signals are mixed in a transistor balenced mixer stage using
two 2N2398's. A balancing potentiometer R-18 is provided to balacne
out both input signals and leave only the sum and difference signals.
A pi. coupling network is used to couple only the difference frequency
to a crystal filter. The crystal filter passes only the difference
product and attenuates all other signals with the help of other selec-
tive devices by 100 db. The difference frequency (consult block diagram
for channel frequency) is then amplified by a 2N2398 transistor stage and
fed to output jack J-9.

NOTE: When module is in system operation a connector is placed
between J-9 and J-3.

This completes Section 2 whose purpose is to develop a coherent
L.O. signal from two synthesizer signals.

The first section of the 3rd I-F Converter Module converts a signal
in the 12 to 21 MHz range, dependent on the channel in use to a L4.684% Mz
signal, The gain will depend on the level of the reference signals sup-
plied, and may be as high as 15 db. The signal to J-2 passes through a
LC filter of 5% wide bandwidth and then to a balanced mixer. The output
signal of Section 2 is fed to J-3 and from there to the balanced mixer,

A potentiometer R-7 is provided to balance out the input signals leaving
only the sum and difference signals at the mixer output. A pi coupling

network couples the difference signal to a filter with a BWs of 1 MHz.
Attenuation of undesired signals is 100 db or better with this combination.

The filter output power is divided to two separate output amplifiers using
2N1566A with a dual pi coupling network. Each amplifier is coupled to
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1.

11,

12,

13.

1k,

TABLE 2-5

3RD I-F CONVERTER MCDULE

Input Frequency:

Input Level:
Output Frequency:
Output Level:

Gain:

-Bandwidth:

Reference Inputs:

Reference Output:

RF Impedance:

RF VSWR:

Phase Characteristic:

Power Input:

Size:
Weight:

Temperature:

Channel 1 - 12,6468 MHz
Channel 2 - 14,052 MHz
Channel 3 - 19,4386 MHz
Channel 4 - 20,8438 MHz
-30 dbm

4.684 MHZ

-30 dbm

Unity 2 db (edjustable)

Input - +700 KH 2 (BW3)
Output - *3 KC (BWg)

4,684 MHz +10 dbm level

12,6468 MHz +10 dbm level - Channel 1
14,052 MHz +10 dbm level - Channel 2
19.4386 MHz +10 dbm level - Channel 3
20,8438 MHz +10 dbm level - Channel L
L.684 MHz O dbm level

50 ohm nominal

1.5:1 maximum

TBD

+18 VDC @ 25 ma

-18 VDC @ 25 ma
DE9P Connector

2 3/4" high x 3 7/8" wide x 9 1/2" long
3 1bs.

250 ¢ $10° C minimum
0° ¢ to 60° C design goal

p=3h



an output connector using pi coupling networks to J-7 and J-8. J-7 is
used for the signal output and J-8 for a test output. Both are the same
level and all connectors are Microdot printed board female connectors

at 50 ohm,

Each section is made on a separate printed board occupying one-
half of the module with a shielding partition between the boards.

2.2.5 4,684 MHz Phase Detector lodule

Refer to Figure 2-12 for a block diagram of the 4.684 MHz Phase
Detector Module. Refer to Table 2-6 for target specifications and to
Figure 8-15 for a schematic of this module. This module is designed to
provide both a phase and a correlation output. The phase detected out-
put is used in the 71 phase-lock loop to synchronize the VCO. The cor-
relation output is provided by & simllar detector in which the reference
voltage is phase shifted 90 degrees. ‘

Separate single stage amplifiers are used on each input to each
detector to provide the required level and sufficient isolation between
detectors. As can be seen in the schematic of Figure 8-15 the detectors
are constructed with matched pairs of diode quads. The reference signal
to each quad is tailored to provide a DC balance to within less than 2
millivolts.

The phase detector output is provided at a level of 0.25 volt per
radian with rated 7 to 10 millivolt input signal. A dynamic range of
about 26 db is provided to hold intermodulation and noise to a minimum.

The correlation detector is identical to the phase detector ex-
cept for the reference phasing,

The correlation detector output at TP-1 is epproximately -0.25
volts., A low pass RC filter with a 20 Hz break frequency is used to
reduce noise peaks that could overload the amplifier which follows. This
amplifier consists of a P65A Philbrick differentisl amplifier with feed-
back adjusted to provide a gain of approximately 16.

The resulting amplified correlation outputs are provided for AGC,
for acquisition circuits and for the correlation meter,

2.2.6 PLL Filter Module

This module performs the following functions:
a&. PLL filter for 4,684 MHz phase-lock loop.

b. Acquisition for 4.684 MHz phase-lock loop.
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2.

5.

TABLE 2-6

SPECIFICATION FOR 4,684 MHz PHASE DETECTOR MODULE

Inputs:

Outputs:

Power Input:

Size:
Weight:

Temperature:

Signal Input J-2: Frequency 4.684 MHz
Powver -30 dbm
Impedance 50 ohm

Reference Input J-1: Frequency 4.684 MHz
Power O dbm
Impedance 50 ohm

Correlation Detector: Voltage O to -4 V
J3-9 Impedance 500 ohm
BY 15 cps

Phase Detector: 0.25 V/RAD phase error
J3-8 (Gnd. Impedance 5000 ohm
Return J3-T)

Correlation Signal: Level O to -4 V.
J3-6

Correlation Meter: As required for Front
Current J3-3 Panel Meter

+18 VIC @ 42 ma
-18 VDC @ 42 ma
DEOP Connector

2 3/4" high x 3 7/8" wide x 9 1/2" long
3.2 lbs.

25° ¢ #10° C minimum
0° C to 60° C
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c. Acquisition for 2.342 MHz phase-lock loop.
d. Signal-to-noise ratic indicator circuits.

Refer to Figure 2-13 for a block diagram of the PLL Filter
Module. Refer to Tabel 2-7 for target specifications and to Figure
8-16 for schematic.

The phase-lock loop filter for the #1 loop uses a passive and
an active section. The passive section consists of R-43, R-44 and C-28.
The input to this, section comes directly from the 4,684 MHz phase de-
tector in Module #3. The output of this filter goes to the positive
input of A-1 a Philbrick Model PP65A operational amplifier in the active
filter.

The active filter consists of a differential amplifier A-1, a
capacitor C-26, and resistor R-45. The output of this filter section
goes through R-81 directly to the 10.539 MHz VCXO in the VCO-1 module.

A low-pass fillter with a relatively high bresk frequency is
formed by R-81, C-32 and C-30. The break of this filter is high enough
that it is essentially out of the circuit so far as the loop filter is
concerned. However, it is effective in reducing the tendancy for the
loop to lock onto artificially generated side bands. As can be noted,
C-30 is in parallel with C-32 prior to acquisition when relay K-1 is
not energized. Upon acquisition K-1 opens the ground return to C-30
thus reducing this filter to R-81 and C-32 only.

The lower break frequency is required prior to lock on because
of the much greater loop gain in the phase-lock loop due to AGC level,

A tuning circuit is employed to maintain the proper charge on the
loop filter capacitors prior to signal acquisition and lock on. This
tuning loop consists of a differential amplifier, A-2, and its associated
resistors, R-80, R-T79, R-65 and a capacitor, C-31. A tuning voltage
level, near zero for center frequency, is selected by R-67. This voltage
is compared by means of the differential inputs to A-2, and the difference
is used to provide current through R-65 and contacts of K-1 to charge C-28.
This charge in turn causes the charge on C-26 to be corrected through
amplifier A-1 and thus maintain the output to VCX0-1 equal to the value
set-up by R-67. Upon acquisition K-1 is energized thus breaking the
tuning loop and allowing the phase detector and the phase-lock loop to
take over with the minimum voltage transient.

A double emitter follower consisting of Q-1 and Q-12 is used to
provide a low impedance output for Doppler Polarity Indication which is
also isolated sufficiently from the phase-lock loop.




The double emitter follower consists of an NPN followed by a PNP
transistor. These transistors are carefully matched to maintain a nearly
equal and opposite base to emitter potential difference. The output
zero voltage crossing is within 0.1 voli#s of the input which is the VCXO
control voltage.

A frequency analog voltage is provided from the output of Q-12
by a three resistor adding network consisting of R-62, R-63 and R-78.
This voltage known as MP-1 varies from zero to about +5 volts. The
output impedance of this circuit is less than 5 thousand ohms.

The acquisition circuit for loop #1 is represented by stages QS
through Q10. The correlation detector provides an input to Q8 which in-
verts the signal and turns on relasy driver Q9. The relay K-l closes and
turns on the front panel acquisition lamp and also removes the tuning
voltage from the PLL filter. Q10 provides the logic signal output to
the command circuits, zero volts when unacquired and +5 when acquired.

Q13 and Q14 comprise the acquisition circuitry for phase-lock loop
#o. The correlation detector signal is inverted in Q13 and turn on the re-
lay driver Qli. The relay is located in the VCO-2 module and is used to
modify the filter circuits in the second loop as well as disconnection of
the tuning voltage.

The signal-to-nolse 1ndicator circuit is designed to amplify the
noise existing in a portion of the passband of the 2,342 MHz output of
the 2nd I-F Amplifier Module and to use it to trigger a pre-set switch
to indicate that the noise has risen above the pre-set threshold. The
nolise spectrum is selected and narrowed by the 2,305 MHz bandpass filter
and is amplified by stage QL and Q2. The noise is rectified by CR-2 to
provide a DC analog noise Yevel voltage. Since the signal level is held
constant due to correlation AGC, this analog noise level is also inversely
proportional to the signal-to-noise ratio., Hence the analog output can
be calibrated in terms of signal-to-noise ratio. An emitter follower
Q3 delivers this voltage to MP3 for telemetering.

The analog noise signal is also applied to the base of a transistor,
Q4, whose emitter voltage level is adjustable. Thus, the signal level
at which Q4 conducts can be varied. When Q4 conducts, its collector volt-
age becomes less positive, triggering the Schmitt trigger composed of Q5
and Q6. The output of the Schmitt trigger drives the base of Q7, which
when not conducting allows its collector which is the S/N indicator out-
put to rise up to a 4 volt potential. When Q7 conducts and is saturated,
its collector is about 0.2 volts above ground. Thus the two desired
states of zero or +5 volts 1s produced.
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TABLE 2-7

SPECIFICATION FOR PLL FILTER MODULE

PLL Filter and Polarity Indicator

8.
b.
Ce

d.

e.

f.

g.

Channel Input:
Input and Output Con-
nector:

PLL Filter Channel
Output:

Polarity Indicator
Output:

Output Impedance:

Monitor Point:

Test Point:

Signal-to-Noise Detector

a.

b.

Ce.

d.

e,

f.

Signal-to-Noise
Channel Input:

Input Impedance:
Filter Bandwidth:
Input Connector:

Signal-to-Noise
Channel Output:

Output Impedance:

0.25 volts per radian from the Loop #1
Phase Detector

DB-25P (Module Power Connector
+9 to -9 volts DC

4+9 to -9 volts DC depending on VCXO
excursion above or below center fre-
quency. Center frequency output O

*0,1 V.

1000 ohms or less from polarity indicator

MP1 - polarity indicator output (which
is a measure of VCXO input signal)

TP4 - VCXO input

Spectrum of signals and noise approxi-
mately O to 3 Mc in width, signal level
-30 dbm, noise bandwidth 40O Ke, center
frequency 2.305 MHz.

50 ohms
T KHz
Microdot 31-50 female

Less than 0.2 volts DC when input signal-
to-noise level is higher than a preset
value which corresponds to signal-to-noise
ratios in the main PLL bandwidth greater
than 30 to 10 db #5 $10% volts DC when in-
put signal-to-noise level is less than the
preset value, Accuracy 12 db.

500 ohms
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g-

h,

i.

TABLE 2-7 (Cont.)

Output Connector:

Monitor Point:

Test Points:

DB-25P (module power connector)

MP-2 signal-to-noise ratio indicator output
MP-3 signal-to-noise detector analog output

All monitor points are positive DC output
in the range O to 5 volts. Monitor point
outputs are part of power connector (DB-25P)

TP2 signal-to-noise ratio indicator output
TP3 signal-to-noise detector input

Acquisition Channel, Loop #1

8.

b.

Ce

d.

€.

f.

-Acquisition Channel

Input:

7fnput and Output

Connector:
Input Impedance:

Acquisition Channel
Output:

Output Impedance:

Test Points:

.0 to -4 volts DC

DB-25P (module power connector)

£ 500 ohms

+0.2 volts DC or less when fine range

loop is unlocked; +5 *+10% volts DC when
fine range loop is locked. Additional
output for acquisition lamp circuit closure
500 ohms

TPl acquisition signal output, Loop #1

Acquisition Channel, Loop #2

-

b.

Ce

d.

Acquisition Channel
Input:

Input and Output
Connector:

Input Impedance:

Channel Output:

0 to -4 volts DC
DB-25P (module power connector)

<500 ohms

Driving signal to close the acquisition
relay in VCO-2 Module. (Collector of NPN
transistor with emitter at ground potential,)
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5.

Te

Power Input:

Size:
Weight:

Temperature:

TABLE 2-7 (Cont. )

+18 VDC @ 120 ma
+18 VDC @ 10 ma
DE9P Connector

2 3/4" high x 3 7/8" wide x 9 1/2" long
3.5 1lbs.

259 ¢ $10° C minimum
0% C to 60° ¢ gesign goal
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2.2.7 Voltage Controlled Oscillator VCO-1

. Figure 2-1L4 18 a block diagram of the VCO-1 Module. Refer to
Table 2-8 for target specifications and to Figure 8-17 for a schematic
of this module.

The Damon voltage controlled crystal oscillator, VCXO, is centered
at 10.539 MHz with O V control on the input. The frequency of the VCXO
varies 2.2 KHz per volt with positive and negative changes in control
voltage., The O dbm, 50 ohm output from the VCXO is coupled with an L
matching network tp the base of a times two transistor multiplier stage.
The 21.078 MHz output from the doubler is connected directly to a times
four multiplier which completes the times eight multiplication necessary.
The required 84.312 MHz output from the quadrupler is coupled to an 11i-
fier which provides gain and selectivity (rejection for harmonic modes).
The output of this amplifier 1s coupled through a power divider which
supplies Inputs to two isolation amplifiers. The two output amplifiers
supply O dbm, 50 ohm outputs at 84,312 MHz *160 KHz. Neutralization of
the output amplifiers and the power divider contribute to isolating the
two outputs from one another by L0 db,

2.2.8 Doppler Detector Module

Figure 2-15 is a block diagram of the Doppler Detector Module,
Refer to Tabel 2-9 for specifications and to Figure 8-18 for a schematic
of this module.

The doppler detector module is required to provide an output signal
from 2.5 Hz to 1.6 MHz (3 db points) at 10 mw into a 50 ohm load. Its
inputs are 70,26 MHz and 1%0.52 MHz at 10 mw and 84.312 MHz at 1 mw. It
is further required to provide outputs of 70.26 MHz and 140.52 MHz at 10
nw into 50 ohms. All input frequencies are fixed except the 8&.3;2 MHz
which will vary by not more than 160 KHz depending upon a received
doppler. A high degree of isolation is required between the 84,312 MHz
input and the 70,26 MHz and 140.52 MHz inputs and outputs.

2.2.8.1 Input Filters

Two section bandpass filters are employed at each of the three

inputs. These are designed to provide a 3 db bandwidth of the order of

5 to 6 MHz for the 84,312 MHz and the 140.52 MHz filters and about 3 MHz
for the 70.26 MHz filter. Coupling between the input and output section
of these filters is provided in part by the stray capacity between the -
piston capacitors used for tuning and is adjusted to approximately critical
coupling by means of C3, C20 and C22., These capacitors consist of small
metal tabs soldered to the tops of the piston capacitors. Adjustment is
achlieved by bending the tabs.
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1.

2.

TABLE 2-8

SPECIFICATION FOR VOLTAGE CONTROLLED OSCILLATOR - VCO-1 MODULE

Inputs:

Outputs:

DC Control Voltage 19 V
Input Impedance 720 K ohms

Frequency: 84,312 MHz 3160 KHz
Impedance: 50 ohms
Power: O dbm

Two outputs isolated by at least 4O db

Frequency S8Stability:

Harmonic Suppression:
Power Input:

Size:

Weight:

Tempereature:

Short Term: 1.0 part in 108/50 msec
Long Term: +250 cps/yr

Not less than L0 db

+18 VDC @ 30 ma
DE9P Connector

2 3/4" high x 3 7/8" wide x 9 1/2" long
2.70 1lbs.

250 ¢ +10° C minimum
0° ¢ to 60° C design goal
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The principal function of the input filters is to provide isola-
tion between inputs, although they also serve to remove spurious signals
which may be present on the input signals. It will be noted that two
1.2 K resistors are connected between the filter input and the module
input jack for the 70.26 and 140.52 MHz inputs. These are used to pro-
vide further isolation and to prevent the filter from absorbing any
significant amount of power from the input. Two resistors are used in
series since at these frequencies the capacity reactance of the 1/h W
resistors will be relatively low.

2.2.8.2 High Frequency Mixer

A 2N2398, Q5, is used in the high frequency mixer. The 84,312 MHz
signal is applied to the emitter and the 70.26 MHz signal to the base.
This configuration was selected since it was felt that this would provide
the maximum isolation of the 84,312 MHz (the variable frequency) from the
70.26 MHz input line.

The output circuit of this mixer is tuned to 14.052 MHz and matched
to the next stage by a single pi section.

2,2.8.3 Multiplier Stages

The multiplier steges, Q6 and Q7, are quite conventional., They
also employ 2N2398 transistors in a common emitter configuration. Qb
multiplies the 14.052 MHz by two providing 28,104 MHz, This is multiplied
by five in Q7 providing 140.52 Miz, The interchange network following
each mixer is a bandpass circuit with series capacitance match to the next
transistor input.

2.2.8.4 Amplifier Stages

Two 140,52 MHz amplifier stages are employed, Q8 following the
5X multiplier and Ql following the 140,52 MHz input filter., These are
conventional common emitter stages. Q8 is biased for approximately maxi-
mum gain since its output may be considered as the local oscillator signal
driving the emitter of the low frequency mixer Q2. The gain of Q1 is
controlled by adjusting R34, a 50 K potentiometer in series with a fixed
emitter resistor. This potentiometer is adjusted to provide the desired
doppler output level,

2.,2.8.5 Low Frequency Mixer

The low frequency mixer A2 is also a 2N2398. As mentioned above

‘the emitter of this transistor is driven with 140,52 +1.6 MHz from Q8.

This is & relatively high level signal (about 40O mv) and because of the
bandpass characteristics of the filters in the multipliers and the fact
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that some of these stages are operating near saturation, the amplitude
of this drive changes only slightly over the +1.6 MHz frequency range.
Thus the output of the mixer is nearly constant over this range. It
should be noted that the only bias on this mixer is derived from this
signal, and to a lesser degree from the 140.52 MHz fixed frequency
applied to the base from Al. With no input signals this transistor is
cut off,

The output load for this mixer is the 3.3 K collector resistor
which also serves as the input termination of the low pass filter.

2.2.8.6 Low Pags Filter

A single pi section low pass filter is used between the low fre-
quency mixer and the output emitter follower. This filter is designed
with a cut-off frequency of about 2.2 MHz, and an input and output im-
pedance of about 3000 ohms. A trap consisting of Cl2 and 16 is connected
across the input of the filter and is tuned to 140.52 MHz  The output
of the filter is a-c coupled to the output emitter follower.

2.2.8.7 Output Emitter Follower

A cascade emitter follower employing two 2N2219 transistors 1s
employed. Two transistors are used in order to provide a high input
impedance and a low output impedance for driving the .50 ohm load. The
coupling capacitor C1l5 is selected to have a 3 db low frequency cut-off
of approximately 2.5 Hz when coupling the 3 K source to the 3K load.

The potentiometer, Rll, serves as a zero adjustment to provide
a d-c of zero volts at the emitter follower output. The collector voltage
for the emitter followers is supplied from a 6.8 volt zener diode, CRl.
This is done to reduce the dissipation of the output transistor which
might be somewhat high at high ambient temperatures if the full 18 volt
supply potential was used. A 36 ohm resistor, R12, is used between the
output emitter and the output jack J6 in order to assure a VSWR of less
than 1.5, since the output impedance of the emitter follower stage itself
is only about 3.5 ohms.,

2.2.9 VCO-2 Module

Figure 2-16 is a block diagram of the VCO-2 module. Refer to
Table 2-10 for target specifications and to Figure 8-19 for a schematic
of this module.

The VCO-2 module contains the phase-lock loop filter and the

VC#O for the #2 or 2,342 MHz loop. The VCXO output is amplified by two
parallel stages QL and Q2. One output 1s for the 2,342 MHz reference
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1.

9.

10.

11.

12,

TABLE 2-

SPECIFICATIONS FOR DOPPLER DETECTOR

Input Frequencies:

Bandwidth -3 db:
Tuning Range:

Input/Output
Impedance:

Input/Output VSWR:
Output:
Gain:

Input Signal lLevel
Range:

Output Level Signal
Range:

Power Input:

Size:
Weight:

Temperature:

84,312 MHz Level O dbm
70.26 MHz Level +10 dbm
140.52 MHz Level +10 dbm
2 MHz (all inputs)

Fixed

50 ohms nominal

1.5:1 maximum
2.5 Hz to 1.6 MHz (-3 db) Level +10 dbm

10 db 12 db

~ See #1 above

+8 to +12 dbm

+18 VDC @ 55 ma
-18 VIC @ 35 ma
DEGP Connector

2 3/4" high x 3 7/8" wide x 9 1/2" long
2.9 1lbs.

259 ¢ #10° C minimum
0° C to 60° C design goal
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back to the 2,342 MHz phase detector module, while the other output is
the 2,342 MHz range tone which goes to the data extraction unit.

The phase-lock loop filter consists of a passive filter followed
by an active filter. The passive filter consists of R7, Rll, Rik, Rh4
and C1 with relay K1 used to switch the filter bandwidth upon acquisi-
tion of a signal. The input of the passive filter comes directly from
the phase detector module through Pin 8, Jl. The output goes to the
positive input of Al in the active filter.

The active filter consists of Al, C2, RS and R6. The output of
this filter goes through a voltage divider R8 and R9 to the VCXO, A3.
This VCXO is a Damon voltage controlled crystal oscillator centered at
2.342 MHz with an output level of O dbm, 50 ohms. It is variable over
greater than 500 Hz.

The xransfer function of the VCXO is 500 Hz per volt.

The RF amplifier using Ql provides a +10 dbm level at 50 ohms for

- the fine range tone at J2 for the Data Extraction Unit.

The second RF amplfier using Q2 provides a O dbm level of 2.342
MHz signal for reference in the 2.342 MHz Phase Detector Module.

The voltage which controls the VCX0 is brought out through J1l-1k
to a front panel voltmeter to indicate the VCXO frequency above or below
2.342 MHz.

An emitter follower, Q3, is used to provide isoletion for an
analog voltage to MPl. This voltage varies from O to +5 volts and may
be calibrated relative to frequency.

2.2,10 2.342 MHz Phase Detector Module

: Figure 2-17 1s & block diagram of the 2,342 MHz Phase Detector
Module. Refer to Table 2-11 for specifications and to Figure 8-20 for a
schematic of this module,

This module is designed to provide both a phase and a correlation
detector output. It is very similar to the 4.684 MHz Phase Detector
Module. The phase detector output is used in the #2 or 2,342 MHz phase-
lock loop to synchronize the 2,342 MHz VCXO with the 2,342 MHz range tone.

The correlation output is provided by a similar detector in which
the reference is phase shifted 90 degrees.
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1.

2.

3.

TABLE 2-10

SPECIFICATIONS FOR VOLTAGE CONTROLLED OSCILLATOR #2

Inputs:

Outputs:

Closed Loop Bandwidth:

Power Input:

Size:
Weight:

Temperature:

DC Control Signal .25 v/rad phase error

To Phase Det:

External:

Monitor Point:

Frequency:
Power:
Impedance:

Frequency:
Power:
Inpedance:

Voltage:
Impedance:

10 Hz (Loop Locked)
100 Hz (Loop Unlocked)

+18 VDC @ 22 ma
~18 VDC @ 40 ma
DA1SP Connector

2 3/4" nigh x 3
3 lbvs.

2,342 MHz
O dbm
50 ohm

2,342 MHz
+10 dbm
50 ohm

0 to +5 VDC
5 K or less

7/8" wide x 9 1/2" long

250 C £10° C minimum
0° C to 60° C design goal
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Senarate single stage amplificrs are provided on each input to
each detector to provide the proper level and sufficient isolation be-
tween detectors.

The phase detector output is 0.25 volts per radian with about
T millivolts input signals to Ja.

The correlation detector output is handled by two separate ampli-
fiers. A two-stage video amplifier which 1is essentially flat between
1 KHz and 75 KHz provides the range signals at Ji for processing in
Range Signal Extraction Module. The DC component of the correlation
output is filtered by a 20 Hz low pass filter and then amplified by a
P6SA Philbrick differential amplifier to provide about -4 volts DC to
the acquisition circuit and to the associated correlation meter.

2.2.11 Range Signal Extraction Module

Figure 2-18 is a block diagram of the Range Signal Extraction
Module., Refer to Table 2-12 for target specifications and to Figure
8-21 for-a schematic of this module.

This module contains the range tone extraction circuitry for the
71 L7 Hz, 2,2871 KHz and T3.1875 KHz signals. The video extraction
channel is also contained on the module.

The input spectrum consists of a 73.1875 KHz signal, which is
sometimes square wave modulated at a 1 KHz rate, and two lower frequency
signals at approximately 1.1792 and 1.1078 KHz. The bandpass filter FL2
selects only the 73.1875 KHz signal and when modulated its first order
modulation side frequencies. These are amplified in Ql. Bandpass filter
FL1 is a narrower filter designed to pass only the 73.1875 KHz signal.

Q2 provides additional amplification and Q3 provides necessary impedance
matching to the load. A gain control (R10) is provided in the Q2 stage
to set the output level.

When the 73.1875 KHz signal is modulated, it and its two first
order side frequencies, are amplified in Qb after passing through FL2.
The video is then detected in CRl and is amplified by Q5 and @6, which
also limits the signal to provide a cleaner output waveform. Emitter
follower Q7 provides impedance matching to the load and also clamps the
signal so that its furthest negative excursion is zero volts. R31l is
the bias control which sets the clipping level. R34 controls the output
signal level,

The two low frequency input signals are passed through a low pass
filter consisting of C23, C24 and L7. . The filter attenuates the 73.1875
KHz signals and prevents undesirable modulation of the 73.1875 KHz
ranging tone by the two low frequency signals in the demodulator CR2.,
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SPECIFICATIONS FOR 2,342 MHz PHASE DETECTOR

TABLE 2-11

1. Inputs:

2. Outputs:

3. Power Input:

L, Size:
Weight:

5 Temperature:

Signal Input:

Reference
Input:

Correlation
Detector:

Correlation
Signal:

Phase Detector:

+18 VDC @ 42 ma
-18 VDC @ 42 ma
DE9P Connector

Frequency:
Bandwidth:
Power:

Impedance:

Frequency:
Power:
Impedance:

Voltage:
Impedance
BW

Voltage:
Impedance:
BW:

2.342 MHz
7S5 KHz
=30 dbm
50 ohms

2.342 MHz
0 dbm
50 ohms

-4,0 vDC
500 ohms
15 Hz

5 V p-p Nominal
500 ohms
T5 KHz

Sensitivity: 0.25 V/rad. -

Impedance:

5000 ohms

2 3/b" high x 3 7/8" wide x 9 1/2" long

3.2 1bs,

259 C $10° C minimum
0° C to 60° C design goal
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The latter signals are amplified in Q8 and beat together in demodulator
CR2. The sum frequency at 2.2871 KHz and the difference frequency T1.47
Hz are extracted, filtered and amplified by their respective active filter
channels, Q9 through Q13 comprise the higher frequency channel, and Qlk
through Q18 comprise the lower channel. Both channels are identical ex-
cept for frequency. In the 2.2871 KHz channel, Q9 is an emitter follower
to prevent loading of the notch filter. Q10 is the ammlifier stage of
the first active filter. C31, C32, C33, R50, R51 and R52 form the Para-
1llel-T feedback filter network which feeds back all frequencies except
the desired center frequency. In this way, Q10 amplifies only what is
not fed back. Two, such feedback eamplifiers have been cascaded to obtain
steeper skirts and greater ultimate attenuations in each channel. Output
amplifier followers Ql3 and Q18 match the channel outputs to the 500 ohm
loads. R66 in the 2,2871 KHz channel and R89 in the T1.47 Hz channel

are used to adjust the output levels,
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1.

2.

3-

9.

10.

1l.

TABLE 2-12

SPECIFICATIONS FOR RANGE SIGNAL EXTRACTION MODULE

Input Spectrum:

Input Impedance:
Input Connector:

Output Sigﬁﬁls:

Output Connectors:
Output Impedance:

Output Bandwidth:
(3 av)

Test Points:

Power Input:

Size:
Weight:

Temperature:

DC 0 to -3 volts

1.10782 KHz -2 dbm (Approximately)
1.17929 KHz -2 dbm (Approximately)
73.1875 KHz -8 dbm (Approximately)

500 ohms
Microdot 31-50

Video, 1 KHz, +5.5 20,1 V peak
73.1875 KHz, O dbm, 500 ohms
2.287+ KHz, 9 dbm, 500 ohms
71.47+ Hz, O dbm, 500 ohms

Microdot 31-50
500 ohms each output

Video Channel Approximately 2 KHz
T73.1875 KHz Channel 100 Hz

2.287+ KHz Channel 100 Hz

71.47' Hz 50 Hz

TPl Input Signal

TP2 73+ KHz Output

TP3 1 KHz Video Output

TP4 71 Hz and 2.28 KHz Tone Demodulator Output
TP5 2.28+ KHz Output

TP6 71+ Hz Output

418 VDC @ 100 ma
-18 VIC @ 10 ma
DESP Connector

L 1/4" high x 3 3/4" wide x 9 1/2" long
4 1bs.

25° C 210° C minimum
0° ¢ to 60° C design goal
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3.0 RESULTS OF TESTS

It is unfortunate from the ITTFL point of view that neither a
frequency synthesizer nor signal simulator was GFE for use in testing
the receiver, nor was funding provided for the building of these much
needed pieces of test equipment, which are very special to this progrem,
and would not normally be found in any well equipped electronics labora-
tory. As a result, ITTFL could not be responsible for the final results
produced by the recelver, since it was impossible to properly test it.

Due to the rush to ship the first channel (Chennel No. 2) as
quickly as possible, and due to the lack of the proper auxilliary equip-
ment, few tests were made beyond trying to ascertain that the phase-lock
loops operated properly and that the range tone signals appeared at
their outputs.

More complete tests were performed on the second channel to be
shipped (Channel No. 1), but since the common first i-f module was shipped
out with Chennel No. 1, more limited tests were again made on Channel No.
3. Tests results for Channel No. 1 and No. 3 are reproduced in Appendix
A. .

During the testing of Channel No. 2, the first channel to be
assembled, the lack of a frequency synthesizer proved particularly trouble-
some. This was caused by the fact that the 3rd i-f frequency of L, 68k
MHz was just one-half of the 3rd mixer L.O. signal of 9.368 MHz. Due to
this, the beat between the 9.368 and 4.684 MHz i-f signals in the 3rd mixer
produced a signal which had a low frequency beat with the 4,684 MHz i-f
signal. If the 9.368 MHz signal had been phase coherent with the L, 684
MHz reference signal, as it would be when using a frequency synthesizer,
the beat note referred to above would have been zero, and thus would have
given no trouble. However, considerable time was required to determine the
cause of the beat note, which first was taken to be due to an oscillation
in one of the amplifiers, and then to learn to live with it. Best results
were obtained by deliberately detuning the generators so that the beat note
had a frequency of several KHz.

One of the major troubles experienced in the testing of Channel No.
2 was limiting in the signal-to-noise ratio measuring channel. This limit-
ing was not corrected in Channel No. 2, as it was decided to ship the unit
"as 18" and retrofit the correction at a later time. The required correc-
tions were incorporated into Channels No. 1 and 3.

When testing of Channel No. 1 was started, it was decided that the
input signal spectrum could be improvised by amplitude modulating one
signal onto another. This provided double sidebands instead of single
sidebands in most cases., But, it did allow introduction of required signals
into the receiver, even if not at the proper relative amplitude levels.
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An external diode modulator was used to modulate a 2,342 Miz
signal on the main i-f carrier of 96.9588 MHz (for Channel No. 1).
This provided a double sideband modulation, but the unwanted sideband
was filtered out in the receiver i-f amplifier. As indicated on a
spectrum enalyzer, the carrier 2,342 MHz below the main carrier was
about 3 to 6 db below the main carrier. (In the AROD system these
should have equal amplitudes.)

The deficiency of the 2.3L2 MHz signal caused by the reduced ampli-
tude was corrected by increasing the 2.342 MHz output as described in
Section 2.1.5.

The 2.342 Miz signal was provided by a Hewlett Packard Model 606
signal generator which has provisions for amplitude modulation from an
external signal. The 1,107 and 1.179 KHz modulation frequencies were
supplied by two audio generators. The 73.1875 Kiz frequency was supplied
by another HP606 signal generator. This was amplitude modulated as re-
quired in the video output tests by a 1 Ke square wave. The HP606 gen-
erator is not rated for modulation at frequencies above 50 KHz. The
73.1875 KHz signal did provide modulation, but the sidebands were unsym-
metrical, showing some angle modulation along with the amplitude modulation.
Only the two 1 KHz sidebands or the 73.1875 KHz sideband was modulated
onto the 2.342 MHz signal at any one time, so tests did not indicate any
problems which might be obtained from the three sidebands being present
simultaneously.

During the testing of Channel No. 1, some of the deficlencies of
the receiver showed up. Some of these were corrected, which involved
relatively minor circuit changes. However some areas did show up where
more complicated changes would be required. These are listed in Section
4,0 as areas where improvements could be made. -

Changes were made in the following areas of Channel No. l. These
changes were also incorporated into Channel No. 3.

a. The mixer which produces the 2,342 MHz signal in the 2nd i-f
amplifier module also provides the source of signal from which
the signal-to-noise ratio detector operates. The amplifier
preceeding this detector was limiting on the strong noise pres-
ent at low received signal levels. Rather than provide a trans-
istor capable of supplying the high noise power level, one
stage of amplification was removed from ahead of the detector.
An additional stage of amplification was then added after the
detector. This allowed the noise output from the detector to
rise linearily to the level of signal representing the phase-
lock loop threshold.
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Limiting was also found in the noise amplifier stages located
in the PLL Filter Module. One stage was eliminated and the
output stage redesigned to handle a greater dynamic range of
signal. This then provided a maximum output from the noise
detector of over 5 volts, as required for the signal-to-noise
ratio monitor point. A separate detector to drive the Schmitt
trigger circuit which indicates when the signal-to-noise ratio
is below a pre-set value was eliminated and this circuit was
driven directly from the analog output of the noilse detector.
This provided a range of adjustment from less than 10 db
signal+to-noise to over LO db signal-to-noise in the point where
the indicator would change indication. (Signal-to-noise ratio
being that in the 100 Hz phase-lock loop bandwidth., )

The demodulated signal amplifier in the 2,342 MHz correlation
detector was modified to provide a gain control and a greater

-dynamic range to reduce possible intermodulation emong the

three signal frequencies,

The output amplifiers of the range tone signals were modified
to provide more gain so that a lower veslue of driving signal’
could be used, thus further reducing the possibility of inter-
modulation among the three frequencies derived in the 2,342
MHz correlation detector. ‘

Testing of Channel No. 1 also showed up a large amount of noise in
the pulse video output. Time did not permit a further investigation into
this problem until Channel No. 3 was in test. It was then determined that

- the top and bottom of the pulses could be preserved in spite of the noise

I by providing clipping in the pulse amplifier. However, the noise, at low
signal levels, caused the time at which the rise or fall of the pulse
occurred to jitter. It is recommended that this change be retrofitted

[ to both Channels No. 1 and 2.
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L.0 RECOMMENDATIONS

Three changes in the receiver design are recommended for improv-
ing performance,

a.

b.

Co

The 2.342 MHz signal produced by the diode detector should
have automatic gain control (independent of the i-f amplifier
AGC) applied. The level of this signal is not constant since
the efficiency of the diode detector varies with input signal-
to-noise ratios decreasing as the noise increases sbove the
signal level. In applying AGC to this signal, care must be
taken that the phase shift with change in AGC is a minimum,
One degree would be about the maximum tolersble, and even that
much would start to interfere with obtaining the desired
measurement accuracy. It is recommended that a voltage con-
trolled attenuator be used as the controlling element, rather

than applying AGC voltage to transistors. ITTFL has built
‘voltage controlled attenuators having an unmeasurable phase

shift (less than 1 degree) over a 30 db attenuation range.

As discussed in Section 3.0, the bandwidth of the 2,287 KHz -
filter must be reduced in order to reduce the T1l.T4t Hz side-
bands. This will require a phase-lock loop rather than the
feedback filter. The phase-lock loop should require little
or no more space than the feedback filter,

If bandpass filters continue to be used to separate out the
73.1875 KHz sidetone, the range signal should not be permitted
to pass through two filters in series as is now being done.
This puts the phase shifts of both filters into this signal.
Since phase shift to the video signal is of little consequence,
no effort is made to produce a low-phase shift filter for this
circuit., But the range tone filter must have a low-phase
shift across that portion of the passband actually occupied

by the signal. Hence this should not be degraded by being put
in series with the other filter,

The following changes are also recommended in order to make pos-
sible the reduction of volume in the flight hardware,

8.

The 73.1875 KHz filters are much too bulky to permit micro-
miniaturization, It is recommended, therefore, that they be
replaced by a single phase-lock loop. A correlation detector
associated with this phase-lock loop can provide the demodu-
lated video output. In order to reduce the noise content of
the video at low signal levels, & low pass RC network having
a 1 Kc break frequency should be used on the output.

b-1
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Since the capacitors required in the T1l.47 Hz feed-back
filter are quite large, it may be more economical of space
to use a phase-lock filter for this range tone also. Since
both the frequency excursion and rates in this loop, as

well as in the 2.287 KHz loop, will be very low, it will be
possible to use a second order loop without introducing more
than a 1 degree phase error.

L-2
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5.0 INSTALLATION

FEach of the receiver chassis is provided with slides which should
be fastened in proper position in the receiver cabinet. Then pull out
each slide as far as it will go. Each chassis may then be placed into
the cabinet by engaging the slide members. After pushing the receiver
chassis into the slides about three inches, they will lock, which is
then the extended position of the slides. The chassis may then be
tilted to any angle by releasing the catches on both sides, Just in back
of the front panel.

To push the receiver chassis all the way into the cabinet, turn
the chassis to the horizontal position, push in the release buttons on
each slide and push the chassis on into the cabinet.

NOTE: When connecting cables to the receiver chassis enough
slack- must be allowed for withdrawal of the chassis and turning
it.

A1l coaxial cables connect to individual TNC coaxial connectors
on the chassis rear apron. All IC and low frequency signal leads are
brought out to the multiple pin connector on each chassis. Refer to
schematics of Figures 8-1, 8-3, 8-k and 8-5 for the proper cable con-
nection points.

DC lines should be connected with No. 16 gauge wire. Low frequency
signal lines may need shielded wire to prevent pick-up of interfering
signals.

The RF amplifier and mixer components must be added to the power
supply and lst i-f amplifier chessis.

Both the +18 V and -18 V lines should be connected to each of the
modules. It may be convenient to put a junction block in the cabinet
(similar to those used in the channel chassis) to run the +18 V and -18
V leads to each chassis. The switch 1n the power supply chassis switches
the DC output only. All power leads to the other chassis should be from
the output of this switch (pins D and E on the multiple pin connector,

J2 of the power supply chassis.

In running reference oscillator leads from the synthesizer, the
following precautions should be noted:

a. The 4,684 MHz reference line must be divided four ways (one
for each channel), Either resistive or reactive dividers
may be used. If resistive dividers are used, no more than
a total of 12 db reduction of power from the synthesizer
output of +10 dbm shall be made for any one channel, providing
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d.

a minimum of -2 dbm signal to each channel., If a reactive
divider is used, it may be necessary to add fixed attenuators
to provide not more than +2 dbm of power to any one channel.
Since only three channels have been provided, the fourth out-
put from the dividers should be terminated in a 50 ohm resis-
tive load. Figure S-1 shows how three 6 db resistive dividers
can be used for this division.

The 70.26 MHz line must go from the frequency synthesizer
output directly to the first channel (may be any of the

three channels). The 70.26 MHz output of that channel chassis
must be connected to the 70.26 MHz input of the next channel,
and so on. The 70.26 MHz output of the last channel used
must be terminated in s 50 ohm load.

The 140.52 MHz line from the frequency synthesizer must be
connected in the same manner as the 70.26 MHz line (see b.
‘above), -

A1l other outputs from the frequency synthesizer to the re-
celver go directly to the chassis input connector as they
go only to one source, However, the 12,6468 MHz, 14,052
MHz and 19.4386 MHz outputs of the synthesidzer must be
attenuated by means of a fixed (or adjustable) attenuator
to provide the proper level of 2.342 MHz signal out of the
2nd i-f amplifier module, as described in Section 2.1.5.
Approximately 10 to 20 db of attenuation will be required

of each attenuator. The value used should be within 1 db of
the value required to produce the proper 2.342 MHz output
level (approximately 7 mv RMS) at J4 of the 2nd i-f amplifier
module,

5-2
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6.0 RECEIVER ALICNMENT AND TEST

Provided that each module has been properly aligned as described
in Section 7.0 of this manual, there are only a few adjustments that
must be made on each channel chassis to insure proper operation of the
receiver, While these adjustments were originally made at ITTFL before
shipment of each chassis, it may sometimes be necessary to recheck them.

6.1 Test Equipment Required for Test of AROD Vehicle Tracking Receiver
and Its Modules

Quan., Manufacturer Model Description
2 Hewlett Packard T21A DC Power Suppliles
1 Boonton 91C RF Voltmeter
1 Hewlett Packard hi2A DC VTVM
2 Kay ' 30/0 Attenuators
: L32C ’
1 Lavoie LA-19 Spectrum Analyzer
1 Beckman/Berkeley 5350 Digital Volt Ohmeter
1 Hewlett Packard 608 RF Generator .
2 Power Designs Inc. 5015A Transistorized Power
(or cap- Supplies
able of
+18 V at
650 ma)
1 Special 2,342 Mc Signal Generator w/Phase Modulator
1 Test Fixture w/Switch to Operate Relay Kl
1 Tektronics 531 Oscilloscope
w/Type
B Plug
in Unit
1 Hewlett Packard 524B Frequency Counter
w/Heads
526A, 525A
and 525C
1 Technology Inst. Corp. Type 320-A Phase Meter
1 Hewlett Packard 606 Signal Generator

6.2 Manual Gain Control

To provide manual gain control, remove P2 from J2 of Module #2,
Insert special test fixture shown in sketch of Manual Gain Control., See
Figu.re 6"10

6.3 Application of Power

Set positive and negative power supplies to 18 volts.

6-1
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Apply power and measure total current of each supply. Record

(+18 volt supply approximately 600 ma)
(-18 volt supply approximately 400 ma)

6.4 Meter Adjustments

6.4.1 4,684 MHz Loop Frequency Meter Calibration

Refer to Figure 6-2 for a schematic of this meter circuit.

With no power applied to receiver, adjust the mechanical zero
setting of the frequency meter to obtain a zero reading (mid scale).
Connect a HP 524-B Frequency Counter with Type 525-A Head to J3 of the
VCO-1 module. Apply power,

8,

Ce

d.

(=1

f.

_Adjust R6T of the PLL filter module to obtain & frequency
" reading of 84.312 MHz on the HP counter. The front panel

frequency meter should read zero.

If frequency meter does not read zero, readjust R67 of the
PLL filter module to obtain a zero frequency meter reading
and record reading obtained on the HP counter.

Adjust ROT of the PLL filter module to obtain reading on HP
frequency counter 140 KHz higher than reading in Step b, or
to 84.452 MHz if frequency meter read zero in Step a.

Adjust R13 on TBl of receilver channel frame to obtain a
reading on the front panel frequency meter 140 KHz higher
than the resding in Step b.

Adjust R6T of the PLL filter module to obtain a HP frequency
counter indication of 140 KHz below reading of Step b. Front
panel frequency meter should read 140 KHz lower than the
reading of Step b, If 1t does not, it is due to non-linearity
of the VCO control characteristic end a compromise should be
made to get the best average readings.

Readjust R6T of the PLL filter module to obtain a frequency
counter reading of 84,312 MHz and leave it at this point.

6.4,2 4,684 MHz Loop, AGC/CORR Meter Calibration

Refer to Figure 6-3 for a schematic of this meter circuit,

To adjust CORR portion of this meter circuit, 52 must be in CORR

position.,

Ground R10 on TBl at C2 end. Adjust R7 on TBl for maximum

6-3

.



129 Louanboxy QDA 00T ZHW $89 "% IMOIID JOW -9 8andry

ST~

_
— |
— = |
| |
| _
_
30¢ _ OXDA _ _
* ~e-Ir 9-1r _
K €Ty T 31081 : W bnmh
1€l _ £2y ‘ _
_ _ _
| a1naon _ _
L _rooa |
|
|
1
|
L
e b L

28D h 0€D
003
® AN doory |vM 30T

184 Bupum,y, .

SR U D NN S S S SR S S ali BN it B A




ISP UONIB[OII0D) /QDY - d00TT ZHI ¥89 ‘% IMOII) I91OW  ‘g-9 9anSrg

sordury
0DV |

|
9EENT ,_\ g-ar
» .

_

_

|

|
!
|
|
|
|
CLn T ow
m
!
|

LSWNT 28 .
_
_ 190
| o-tr 110D
| v2d
8T+ | cdlL
L _ awvestawweoMammomu_ | _ _ _ STNGONHOIOSIG ISVHA ZHW WS _

6-5

— e w— —— —— t—— qn.



reading on meter then back off until meter just reaches a zero reading.
Lock RT.

Remove ground from R10.
Loop at TP5 on 4,684 MHz phase detector module.

Remove jumper between TP-1 and TP-2 on L4.684k MHz phase detector
module. Apply voltage from battery box to TP2 until TP4 is -UL volts.
The panel meter should read 4 volts within 5%. If not tailor R1O.

To adjust AGC circuit portion of AGC/CORR meter S2 must be in
AGC position.

This meter is set to read the change in AGC buss voltage which
ranges from slightly negative when the amplifier gain of the 2nd i-f
amplifier module is meximum to about +5 volts when a strong signal is
present and the phase-lock loop is acquired.

With no signal in, with AGC circuits operating, and with the RF
modules operating in the receiver to provide the basic noise level, the-
AGC meter should read zero. If not tailor R12.

Next apply manual gain control and adjust to provide 4 volts be-
tween the input end of R8 and the junction of Rll to Rl2. Adjust R9 for
a reading of 4 volts on the AGC meter.

6.4.3 Adjustment of 2.342 MHz Loop Frequency Meter

Refer to Figure 6-4 for a schematic of this meter circuit.

The adjustment of this frequency meter is similar to that of the
4.684 MHz loop. Mechanically zero meter (center scale) with power "OFF',
Connect HP 524 Frequency Counter to J2 of the VCO-2 module. Apply power.

a. Adjust R3 of the VCO-2 module to obtain frequency reading of
2.34200 MHz on frequency counter. Front panel frequency meter
should read zero.

b. If meter does not read zero, adjust R3 of the VCO-2 module to
obtain a zero reading and record frequency indicated by counter.

C. Set R3 of the VCO-2 module to provide a frequency counter
reading of 400 Hz higher than in Step b, Adjust R of TBl
on the receiver channel frame to obtain frequency meter
reading of 40O Hz,

6-6
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d. Set VCO-2 module to provide a frequency counter reading of
40O Hz lower than obtained in Step b. Frequency meter
should indicate -40O Hz. If it does not, a compromise will
be necessary to get the best average readings.

e. Set R3 of VCO-2 module to provide a frequency counter read-
ing of 2.342 MHz and leave it set at this point.

6.4.4 Adjustment of CORR Meter in 2.342 MHz Loop

Refer to Figure 6-5 for a schematic of this meter circuit.
First adjust mechanicel zero on meter to zero with power "OFF,"

With zero voltage at TP5 of the 2.342 MHz phase detector module
(ground TPS) adjust R3 on TBl until meter just reads zero. Remove ground
from TPS. .

Remove jumper from TPl end TP2 on 2.342 MHz phase detector module
and connect battery box voltage to TP2. Set this input (about -0.25 V)
for -I volts at TPS of 2.342 MHz phase detector module. Meter on panel’
should read 4 volts within 5%. If not tailor Rl. Replace TPl and TP2
Jumper.

6.5 Checkout of RF Signsl Path

a. Switch to manual gain control,
b. Apply -50 dbm signal to 2nd mixer and filter module at Jl or
at J3 on frame, or -90 dbm to lst i-f amplifier module at
Jl. Refer to sketch of RF levels and frequencies, Figure 6-6,
C. Apply required reference signal to J11 on frame.
d. Apply 4.684 MHz reference signal to J12 on frame.
e. Apply +18 and -18 volt power.

f. Check RF amplitude at J2 and J3 of the VCO-1 module. Should
be O dbm *1 db with 50 ohm load.

g. Check frequency from J2 with frequency counter, Set to
84,312 MHz with R67 of PLL filter module,

h. Check signal level out of 3rd i-f converter module at J7.

Manual gein control should control this level to any desired
value between 7 mv and about 130 mv of 4,684 MHz signal.

6-8
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Set manual gain control for 70 mv into J2 of the 4,684 MHz
phase detector module, (At this point an oscilloscope con-
nected to the correlation detector output at TPl of the
phase detector module will assist the operator in reducing
the beat note to obtain lock-on. Also an amplifier and
speaker connected to TP1l will assist greatly in tuning for
zero beat and obtaining phase lock. )

Vary the frequency f; at the input to obtain zero beat and
lock-on.

Refer to Figure 6-6 for RF levels and frequencies to trace
for improper operation. (NOTE: Adjust all input signals to
within less than 1 KHz.) '

6.6 AGC Adjustments

Three adjusting pots are available:-on the 2nd i-f amplifier, Rl,
set for minimum change of phase with AGC voltage change. If this has
not been set up, set Rl for maximum gain through the module with dbout
2 volts of AGC. R3 sets the DC level of AGC voltage snd hence the i-f -
output level. R2 sets the i-f output level for uncorrelated AGC.

8.

b.

Ce.

d.

€,

1.

&e

h.

Apply the required input so that & -77 dbm level appears at
J1 of the 2nd i-f amplifier module,

Insert "tee" connector at input J2 of 4.684 MHz phase detec-
tor module and connect RF voltmeter with high impedance probe.

Connect scope to TP3 of 4,684 MHz phase detector module.
(Leave jumper in,)

Switch in manual gain.

Adjust input frequency for a low frequency beat note (about
100 Hz, but not close enough to lock-on).

Adjust manual gain control for one-half volt peek-to-peak
on oscilloscope,

Read and record the r-f level at J2 of the 4,684 MHz phase
detector module, This should be about T mv, and is the
level at which the phase detector transfer function is 0.25
volts per radian phase error,

Without disturbing the gain control setting, adjust the in-
put frequency to obtain lock-on.

6-11
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i. Adjust R2 on the 4,684 MHz phase detector module to obtain
a reading of L volts on the 4.684 MHz loop correlation meter.

Je Switch to AGC operation and adjust R3 on the 2nd i-f ampli-
fier module to provide a reading of 4 volts on the 4,684 MHz
loop correlation meter which should be the same as obtained
in Step 1.

k. Remove jumper from TPl - TP2 of the 4.684 MHz phase detector
module. (This opens the correlation AGC loop and allows the
noise AGC to operate. It will also cause the acquisition
light°to go out, but should not cause a loss of acquisition
with a strong signal.)

1. Adjust R2 of 2nd i-f amplifier module for 140 mv at J2 of
4,684 MHz phase detector module as read on RF voltmeter.

m. ° Replace jumper between TPl and TP2 of 4.684 MHz phase detec-
tor module, ‘

n. Check operation of receiver with weak input signals down to
at least -140 dbm. The correlation output of the 4.684 MHz
loop should not decrease below 3.5 volts at RF inputs (into
1st i-f amplifier module) of as low as -137 dbm. If the -
correlation output drops lower than 3.5 volts, R2 of the
end i-f amplifier module may need readjusting to allow more
noise voltage to be present without cutting down the i-f gain
through the noise AGC system.

6.7 Check AGC Time Constent

Apply 6 db square wave amplitude modulation at a low frequency
rate about one-half Hz or less to the input signal. (Use amplitude
modulator generator or external amplitude modulator,)

Observe AGC buss voltage on DC oscilloscope at Pin 6 of J2, on the
2nd i-f amplifier module. This voltage is available on RS of TBl back
of front panel.

With & -100 dbm signal into the lst i-f amplifief module or -50
dbm into the 2nd converter module, the AGC voltage should recover to 90%
of its final value in about 300 milliseconds.

6.8 4,684 MHz Phase-Lock Loop

Reference frequencies must be provided to J1l and J12 on the
back panel, The frequency to J12 is 4.684 MHz at a level of -2 dbm.
The frequency to J1l depends upon the channel as follows:

6-12



Channel Frequency

1 12,6468 MHz
2 14,052 MHz

3 19.4386 MHz
4 20.8438 MHz

6.8.1 Balance 4.684 MHz Loop Active Filter

While the phase-lock loop will operate to some extent if the ampli-
fiers of the loop are not properly balanced, proper operation with low
phase error can be obtained only with careful balancing of the DC ampli-

fier zeros.

8.

The following procedure should be followed:

" Check phase detector balance by removing input leads to J1l

and J2 of the 4.684 MHz phase detector module. Open jumper
between TP3 and TP4 on 4.684 MHz phase detector module and
measure voltage at TP4 with a sensitive DC voltmeter (.1
volt or less, full scale). Voltage will be zero. Reconnect
inputs toc J1 and J2. With noc signal applied to the receiver,
the voltage at TP4 should still be zero (#1 mv). If not
readjust C2 to obtain balance., Replace Jumper between TP3

and TPhL.

The DC amplifiers should have been balanced in the module
alignment process, but chmge in power supply voltages might
upset this slightly. To check this balance, apply a negative
4 volt signal to TP5 of the 4,684 MHz phase detector module.
This will operate the relay which disconnects the tuning
voltage. If any unbalance exists in the amplifiers, the
front panel 4,684 MHz loop frequency meter will start travel-
ing. (It may bounce around due to noise, but should stay

at an average position.) Adjust R46 on the PLL filter module
until the front panel 4,684 MHz loop frequency meter stays
fixed at any point, but preferably near center scale,

6.8.2 Phase-Lock Loop Bandwidth

The phase-lock loop bandwidth may be checked, if desired, as

follows:

8o

Set input signal to amplitude sufficient to minimize phase
noise at phase detector output.



ey

Ce

e,

Apply sine wave phase modulation of about +20° to input
signal.

Observe modulation sine wave from generator on one channel
of a dual trace oscilloscope.

Observe phase detector output TP3 of 4.684 MHz phase detector
module on the other channel of the same scope.

At frequencies well over 100 Hz the phase should be the same
for both traces. Adjust the display for equal amplitude of
each frace. A frequency stable generator must be used to keep
noise on the signal to a minimum. Use external scope syn-
chronizer from the low frequency generator.

To determine the 3 db video bandwidth reduce the modulation
frequency till the phase error amplitude drops to . T07.

" Another and perhaps more accurate method is to observe the

point of 90° phase relation between the two traces. (The
loop noise bandwidth is approximsely pi times the bandwidth
observed above.)

6.8.3 Adjustment of Phase Control 4,684 MHz Loop

6.8.4

The correlation detector must be adjusted to 90° with respect to
the phase detector.

a.

b.

Ce

d.

Pull

With receiver operating lock onto a signal of medium ampli-
tude.

Switch to manual gain control.

Set manual gain for about -0.25 volts DC at TPl of 4.684 MHz
phase detector module.

Adjust phase control pot, Rl, on 4,684 MHz phase detector
module for maximum negative voltage at TPl. '

In Range

8,

b.

With medium strength signal at input, move input signal to
one side quickly to loose lock.

Count beat frequency at phase or correlation detector output
TPl or TP3 of the 4,684 MHz phase detector module,

6-14
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Slowly reduce beat frequency while observing the count.
At some frequency between 1 KHz and 2 KHz the phase-lock
loon will suddenly pull in. Record the last frequency
displayed on the counter.

Check pull in range on the other side by repeating the
above procedure except the approach is made from the oppo-
site direction.

6.8.5 Sensitivity
With loop locked reduce signal strength until acquisition starts

to drop out.

Increase signal until the loop holds on for periods of at least
five (5) minutes. This level may be defined as the threshold level.

The threshold level should be -140 dbm £2 db.

6.9 2.342 MHz Phase-Lock Loop

The 2,342 MHz phase-lock loop may be checked with a 2,342 MHz
signal from & signal generator as the signal source, although final
check must be made with a signal simulator,

6.9.1 Balance 2.342 MHz Loop Active Filter

a.

b.

Ce

d.

€,

Remove Jjumper between TPl and TP2 of 2,342 MHz phase detector
module and apply & -4 volt bias to TP2. This will operate
relay K1 in VCO-2 module,

Open TP3 and TP4 of 2.342 MHz phase detector module. Connect
sensitive DC voltmeter to TP3 of VCO-2 module, Short TPL4 of
VCO-2 module to ground.

Adjust Rl on VCO-2 module to obtain zero volts at TP3 of
VCO"20

Remove ground from TP4 of VCO-2 module and adjust R39 on
VCO-2 module to obtain a very low drift rate at TP3 near
zero volts. This may also be observed on the 2.342 MHz loop
front panel frequency meter.

Remove voltage from TP2 of the 2,342 MHz phase detector module
and reinsert jumpers between TPl and TP2 and TP3 and TPh4,

\

6-15



[N,

e —
i :

Acquire signal and measure phase error voltage at TP3 of
the 2.342 MHz phase detector module. This voltage should
be at most.2 millivolts.

module,

If not, readjust R39 on VCO-2

6.9.2 Measurement of Loop Characteristics

A scope or an amplifier and speeker may be connected to TPl of
the 2.342 MHz phase detector module to aid in monitoring loop.operation.

8.

b.

d.

€.

f.

8o

h.

i.

k.

Connect counter to J17 on back panel of receiver channel

frame.

Connect signal generator to J2 of 2.342 MHz phase detector

module.

Apply power.

»

. Set input level to T mv.

Check and record pull in range in similar manner as in Sec-
tion 6.8.4. (This range should exceed +500 Hz,)

Next determine minimum input level at which loop will pull

in when generator is first +400 Hz and then -400 Hz from

(The loop should lock-in within one second
when a signal not exceeding 2 or 3 mv is suddenly applied

at frequencies as much as *400 Hz away from 2.342 MHz,)

center frequency.

Record values,

Check bandwidth of filter (loop locked) as follows: (K1 of
VCO-2 module not energized.)

Remove Q14 of PLL filter module to de-energize Kl.

Use 7 mv, 2.342 MHz signal to J2 of 2,342 MHz phase detector

module,

Phase modulate input signael to about +20° with a frequency

of 500 Hz.

Observe modulation at TP3 of 2,342 MHz phase detector module
on one trace of a dual trace oscilloscope., The scope must
be provided sync voltage from the audio generator. Apply
modulating audio to the other scope trace. Adjust amplitude
displayed on each trace to be equal, Phase difference should

be zero.

6-16
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O.

p.

q.

T,

8.

t.

Decrease frequency of phase modulation till phase difference
is 90 degrees. Record this frequency. (The noise bandwidth
of the phase-lock loop is approximately pi times this fre-
quency.) This point should be about 30 Hz.

Replace QLht of 2,342 MHz phase detector module.

Check narrow bandwidth in a similar manner. One exception
is that the frequency of phase modulation at the start may
need to be only 100 Hz. Record the frequency where the
phase shift is 90 degrees. This should be about 3 Hz,

Check AM output response at Jh of 2,342 MHz phase detector
module as follows.,

Connect two 2,342 MHz signal generators to a 6 db "tee"
pad and connect the output of the pad to J2 input on the

_2.342 MHz phase detector module.

Set output signal levels to 14 mv on each generator.

Set one generator to 2.342 MHz and make sure the loop locks
to this frequency,

Set frequency of second generator to 2,343 MHz and observe
amplitude of 1 KHz difference frequency at J4 of 2,342 MHz
prhase detector module., Record amplitude.

Move frequency of second generator to 2.415 MHz, Record
amplitude of 73 KHz at Jh.

6.9.3 Adjusting 2.342 MHz Loop Signal Level

The signal input level to the 2.342 MHz loop should be adjusted

as follows:

a,.

Ce

Lock the 4,684 MHz loop to & -100 dbm level received simu-
lated transponder signal. Adjust the 2,342 MHz signal com-
ponent frequency so that the 2,342 MHz loop does not lock
on, (A beat note of over 500 Hz will be required, )

Connect an oscilloscope to TPl of the 2,342 MHz phase
detector module., (Leave jumper between TPl and TP2).

The amplitude of the beat note seen on the oscilloscope
should be 0.5 volts p-p.

6-17
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NOTE:

If level in Step c. is not proper, it can be changed by
adjusting the level of the 12.6468, 14,052, or 19.4386 MHz
reference signal applied to the receiver. An increase in
the level of this reference signal will lower the level of
the beat note.

This adjustment will provide the proper level of 2,342 MHz
signal at the given input signal level. As the input sig-
nal level is reduced, and especially at input signal levels
approaching -130 dbm, the level of the 2,342 MHz signal
will fall off. However, it should still give satisfactory
performance to -130 dbm input signal levels.
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7.0 MODULE ALIGNMENT AND TEST PROCEDURES

The following procedures should be followed in meking alignment
and tests of the individual AROD Vehicle Tracking Receiver Modules:

T.1 Alignment and Test Procedure for lst i-f Amplifier

The first i-f Amplifier module is aligned in two parts or sections.
The input section consists of one input amplifier with a pi coupler, s
bandpass filter (5 section) and three cascaded video amplifiers with a
pi output coupler. The output section consists of 5 outputs, a power
divider and 5 output amplifiers with pi couplers.

7.1.1 Test Equipment Required

Quan., Description Manufacturer Model
1 Signal Generator Hewlett Packard 608C
1 6 db Power Divider
1 Slotted Line Alford . 2181-6
T 1 VSWR Meter PRD 2778
1 Line Stretcher Alford ‘ B702B-N"
1l Noise Figure Meter Hewlett Packard 3h2A
1 Noise Diode Hewlett Packard 343A
1l Power Supply Hewlett Packard T21A
1 Counter Hewlett Packard 524B
1 Counter Head Hewlett Packard 525A
1 RF Voltmetexr _ Boonton Electronics 91C
1 Oscilloscope Tektronix 567
1 Spectrum Analyzer Lavoie LA19
L Special Cables - Microdot
4 BNC Cables
b Microdot Adaptors Microdot BNC/Microdot

7.1.2 Input Section Alignment

Connect a signal generator to J1 input connector and an RF volt-
meter to TPl. Set level high enough to give -47 dbm output, Set frequency
to 100 Me. See block diagram Figure T-1 for Alignment and Test Sét-up and
schematic, Figure 8-2,

Adjust C2, C9, Cl0, Cl2, C13, Cl5, C16 and C92 for maximum output.
Go over these adjustments at least 10 times to remove all inter-action.
45 db of gain should be realized with a smooth bandpass free of ripple
and with no bumps on the slopes of the bandpass., This may be examined by
careful inspection of the RF voltmeter while tuning the generator slowly
through the bandpass, Connect the noise meter to J1 and TPl and adjust
C2 and L2 for best noise.figure,



T7.1.3 Completion of Alignment

Now connect TPl and TP2 with & 50 ohm coaxial jumper. Connect
the signal generator to J1 and tune to the desired frequency for each
output shown on the block diagram of the module Figure 2-2. Set level
to -81 dbm: Connect the RF voltmeter to each output alternately and
tune the appropriate output pi section of each output for best gain.
Each output should have the same gain *1 db, but a separate bandpass
for each channel.

After an operational module is obtained consult test schedule
Teble 7-1 for testing.

T.2 Alignment and Test Procedure for 2nd Mixer and Filter Module

The 2nd mixer and filter module is made up of 6 basic elements.
Two input LC filters are aligned in module level tests. A balanced
mixer is alipned in module test. The output amplifier requires no
alignment. Two crystal filters are checked separately. Consult test
and alignment block diegram for 2nd i-f mixer and filter module in
Figure 7-2, and schematics Figures 8-6, 8-7 and 8-8.

7.2.1 Test Equipment Required

Quan. Description Manufacturer Model
3 Signal Generator \  Hewlett Packard 608¢C
2 6 db Power Divider
2 Line Stretcher Aliford 3702B-N
1 Diode Mixer
1 Noise Meter Hewlett Packard 3424
1l Noise Diode Hewlett Packard 343A
1 RHO-TECTOR Bridge Telonic TRB-1
1 Power Supply Hewlett Packard T21A
1 DC Voltmeter Hewlett Packard 413A
1 RF Voltmeter Boonton Electronics 91C
1 Spectrum Analyzer Panoramic SPA-3/25
1 Oscilloscope Tektronix 567
1 Counter Hewlett Packard 524B
1l Counter Head Hewlett Packard 525A
1 Heat Cold Chamber Tenney
2 50 ohm loads
It Special Microdot Cables
L BNC Cables
L Microdot Adaptors Microdot BNC/Microdot



TABLE 7-1

lst i-f Amplifier Module Test Schedule

m—]

Limit 50 db
1. Gain Test: -20° ¢ #75° ¢ t2 db
: Limit Nom.
2. Selectivity Test: Center Frequency -20° ¢ +75° C BWy +28 14 MHz
99,886 MHz. Make Sel.
Curve Record Points Down BWgo 45 MHz
to -60 db. Output #5
only.
3. VSWR Test: (Nom. Impedance 50 ohm Center -20° ¢ +75° ¢ (1.5:1 BW3)
Bw3)
Limit
' Noise Figure Test: (Output #5 Freq. 100 Me) -20° C +75° € T db Max,
' ' 5 db Desired
‘ Limit 1% from
5. Phase Test: (Linear Response BW3) Straight-Line
' 13 MHz
Limit min. 4O db
6. Dynamic Range Test: (Each Output) -114 /-84 dbm
Locate 1 db Compression Level
Limit 40O ab
Te Intermodulation Rejection Test: +5.5 MHz
Limit
8. Power Supply Current Test: -18 V 25 ma
Channel 1 - 94,5/96.9 MHz Limit
9. Output Bandpass Test: . Channel 2 - 96/98.4 MHz +149
Channel 3 - 101.4/103.8 MHz -0%

Channel 4 - 102.8/105.2 MHz
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T.2.2 Alignment

To align the signal input filter, connect a signal generator to
J1l and set the frequency to the center frequency of the desired Channel
l, 2, or 3. Connect an RF Voltmeter to TP2 and terminate other connec-
tors with 50 ohm dummy loads. Set signal generator output to full out-
put and alternately adjust Cl through ClO several times for maximum out-
put. When all inter-action 1s removed, check bandwidth which is greater
than +2,5 MHz.

To align the LO input filter connect generator to J2 and set fre-
quency at 84,321 MHz and dummy load to Jl. Alternately tune Cll through
C20 removing all inter-action. Check bandwidth which is greater than

To align mixer stage connect two generators with a power divider
to J1 and set at channel frequencies shown on schematic. Connect a third
generator to J2 at 84,312 MHz and a level of O dbm. Connect an RF Volt-
meter or sampling oscilloscope to J3. Set on low scale. Increase level
of the first two generators until -42 dbm is read at the output. Tune
frequencies for maximum outputs. Adjust C27, L12 and R4 and R6 for
maximum output and cleanest waveform free of spurious effects. Adjust
C27 and Ll2 with higher frequency generator at minimum output to opti-
mize circuit for modulated carrier or wider bandpass filter. This 1is
important for best phase response. Overall gain of module should be
+2 db on wider carrier and O db on narrow carrier.

After an operational module is obtained, consult test schedule,
Table 7-2, for testing.

T.3 Alignment end Test Procedure 2nd i-f Amplifier Module

The 2nd i-f emplifier has 3 basic sections for alignment. At
module level test the filter is aligned in the module. Transformer Tl
is aligned as well in module level test. Resistors Rl, R2 and R3 can
be pre-aligned at module level test but will finally be aligned in system
test, Consult Alignment and Test block diagram for 2nd i-f amplifier
module, Figure 7-3, and schematics Figures 8-9, 8-10 and 8-11.

T.3.1 Test Equipment List

Quah. Description Manufacturer Model No.
2 Signal Generator Hewlett Packard 606A
2 Power Divider 6 db
1 Noise Meter Hewlett Packard 3424
1 Noise Diode Hewlett Packard 343A

-5




TABLE 7-2

2nd Mixcer and Filter Module Test Schedule

1. Gain Test: (Both Outputs -20° ¢ +75° ¢ Unity 2 db
2. Selectivity Test: RF and IF *10 KHz
Curves on Each Filter 25° ¢ $100 KHz
3. VSWR Tests: (Nom. Impedance 50 ohms center -20° C +75° C <1.5:1
BW3).
' Limit 10 db with
L, Noise Figure Test: -20° ¢ +75° C 2nd i-f amplifier
module following
. Limit #1% from
5. Phase Test: (Linear Response Bw3) straight line
6. Dynamic Range Test: (Output and TP3) No compression
Locate 1 db Compression Point -77/-31 dbm
Te Spurious Output Test: Record any outputs greater {60 ab
than -60 db outside BWg
Limit
8. -18 V 10 ma

Power Supply Current Test:
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7.3.1 Tecst Equipment List (Cont.)

2
z

Description

FEEFORRHERRERERMRBBEROND

Line Stretcher
Power Supply

Bias Supply 0-6 Volt
RHO-TECTOR Bridge
DC Voltmeter

RF Voltmeter
Spectrum Analyzer
Filter fo 2.342 MHz
Oscilloscope
Counter

Counter Head

50 ohm Loads
Special Cables

BNG Cables
Microdot Adaptors

T.3.2 Alignment
Connect two Hewlett Packard Model 606A, Signal Generators, to a 6

db power divider to combine their outputs.
power divider to J1 input to the module.

Adjust the level of both generators to -31 dbm.

of Channel 2 for this discussion.

Manufacturer

Alford
Hewlett Packard

Telonic

Hewlett Packard
Boonton Electronics
Panoramic

Tektronix
Hewlett Packard
Hewlett Packard
Microdot

Microdot

Model No.

3702B-N
T21A

TRB-1 -
h13A
91C
SPA-3/25

567

524B
525A

BNC/Microdot

Connect the 3rd output of the

Assume alignment
Set one generator to 11.71 MHz frequency
and the second generator to 14,052 MHz.

Connect the RF Voltmeter to J3 output connector and set range to
give an indication.

Alternately adjust all capacitors in the filter for maximum output.
Go back over each adjustment 10 times to remove all inter-action between

capacitors.

When the filter is properly aligned, no appreciable bandpass

ripple will be present and both slopes will be symetrical with no humps.

Connect the manual bias box to Pin 6 of power connector J2,

Apply

0 to +6 volts noting a decrease in output over the increased voltage range.
Plot a curve of input level with constant output of -30 dbm against bias

voltage.

Adjust RL for meximum output at +2 V bias.

This control will be

finally adjusted in system test to give the most constant phase with change

in AGC.
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Connect a 2.3h2 Mz bandpass filter to J4 output eand 50 ohm loads
to J3, J5 and J6 outputs. Connect the output of the filter to an RF
Voltmeter.

With both signal generators set to -77 dbm and on their respec-
tive frequencies and also bias to zero, adjust R2 for maximum output.
The output should be near -30 dbm.

Connect a VIVM to Pin 2 of power connector J2 and graund. By
changing generator levels a change in voltage should occur at Pin 2 of
J2. If not, adjust R3 until this occurs. The DC voltage should vary
4 to 5 volts with’changes in input generator levels from -77 dbm to
-31 dbm.

After an operational module 1s obtained consult test schedule
Table 7-3 for testing.

T.4 Alignment and Test Procedure for 3rd i-f Converter Module

The 3rd i-f converter is constructed with two separate printed
boards. Each board is aligned separately and after completion both
boards are checked as a unit test. Section one consists of a LC filter
of a different center frequency for each channel into a balanced mixer
stage, which requires alignment and then into a 4,684 MHz LC filter,

a power divider and two output amplifiers which require alignment.

Block diagram, Figure 7-4, shows test set-up.

7.4.1 Test Equipment List

Quan. Description Manufacturer Model f
2 Signal Generators Hewlett Packard 606A
1 6 db Power Divider
1 Switch Attenuator Kay Electric 30-0 432¢C
1 RHO-TECTOR Bridge Telonic - TRB-1
1 DC Voltmeter Hewlett Packard 413A
1 RF Voltmeter Boonton Electronics 91C
1 Spectrum Analyzer Panoramic SPA-3/25
2 Power Supply Hewlett Packard T21A
1 Oscilloscope Hewlett Packard 175A
1 Counter Hewlett Packard 524B
1 Counter Head Hewlett Packard S25A
L Special Cables Microdot
L BNC Cables
h Microdot Adaptors Microdot BNC/Microdot

-9



TABLE 7-3

2nd i-f Amplifier Module Test Schedule

Channel Frequencies
200 KC 20 Kc
1. Gain Test: ( 1 10.3048 MHz  12.6068 MHz)
Freq. Comb, ( 2 11,7100 MHz 15,0520 MHz) Limit 60 db %2 db
( 3 17.0966 MHz 19.4386 MHz) All outputs
( 4 18.5018 MHz  20.8438 MHz)
2. VSWR Test: Record at all frequencies in No. 1 (above) Limit 1,5:1
Input and Output
3. Noise Figure: Use full gain Limit 10 db
4, Phase Test: Linearity vs Frequency Limit #1% of a straight
_Linearity vs dynamic range at frequency line plot
in No. 1 (above)
5. Dynamic Range Test: Composite of two signals any channel Limit 40 db -74/-34 dbm
(see No. 1 sbove)
6. Spurious Output Test: Record any output greater than Limit -60 db
-60 db outside BW
7. Selectivity Test: Determine frequencies where gain is Bw3 = 4,5 MHz
down 3 db
8. Voltage Tests: Record all voltages on all base, Record data in one table
emitter and collector connections of
all transistors with the following
AGC voltages: Zero, +1 V, +2 V,
+3 V and +4 V.
9. Power Supply Current Test: Limit +18 V 35 ma

-18 V 35 ma

10. AGC Control Test: 10,3048 MHz

20.8438 MHz

T-10
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7.4.2 First Scction Alipnment

Connect two signal generators to J2 and J3 set on frequencies
as shown on schematics Figures 18-12, 18-13 or 18-14. Each channel
requires different frequencies. Set L0 generator to -7 dbm and signal
to -30 dbm. Connect oscilloscope to one output J7 connector and RF
Voltmeter to second output J8. Adjust R7 for greatest output level.
Sweeping the signal generator through the filter bandpass adjust CT, L3
for best bandpass symmetry and adjust C33 and C35 for greatest output.

7.4.3 Second Section Alignment

Connect a 50 ohm load to J5. Connect a 4.684 MHz generator to
J4 at a -2 dbm level. Connect a second signal generator to J6 set at
the channel frequency shown on schematics Figures 8-12, 8-13 or 8-1%,
set the level at O dbm. Check frequencies of generators with a counter.
Adjust R18, L12, L13 and 116 for meximum output.

7.4.4 Final Check

Connect a coaxial line between J9 and J3. Connect generators to,
J6, J5 and J2 with proper channel frequencies end proper levels shown
on the schematics., Connect RF voltmeter to J7 and J8 and verify opera-
tion.

After an operational module is obtained consult test schedule
Table T-4 for testing.

7.5 Alignment and Test for 4,684 MHz Phase Detector Module

Refer to Figure 8-15 for schematic of this module.

T7.5.1 Test Equipment List

Quan, Description Manufacturer Model
2 DC Power Supplies Hewlett Packard T21A
1l RF Voltmeter Boonton Electronics 91C
1 C VIVM : Hewlett Packard b12A
1 Oscilloscope Tektronix , 531
1 Signal Generator Hewlett Packard 608
2 Attenuators Kay 30/0 . h32¢

T.5.2 Procedure

8. Remove jumper from TPl to TP2. Remove Jumper from TP3 to TPk,
Set Rl, Cl and C2 to approximate mechanical center.

T-12



TABLE 7-h

3rd i-f Converter Module Test Schedule

Channel Input Frequencies
Gain Test: 1 12,6468 MHz Input to output
2 14,0520 Mily 0 db gain
3 19.4386 MHz
L 20.8438 MHz

Output Frequency: 4.6840 Mz
-30 dbm Input

VSWR Test: Record at frequencies given in
#1 (above) Inputs & Output

Limit 1.5:1 to 50 ohms

Spurious Output Test: Record any output Limit <¢-60 db
: -60 db outside -60

db BW

Dynamic Range Test: Limit >-5 dbm

Selectivity Test: Determine -3 db, -6 db Limit -3 db 1.16 MHz
and -60 db. Record. -6 db 1.52 MHz
Shape factor 6 -60 db 9 MHz
- TBweo -
SF = =6
BW6

Voltage Test: For reference only - Record:

1. All emitter DC voltages
2. All transformer RF voltages w/niz probe

hal

ey

Te

Power Supply Current:

Limit +18 V 10 ma
-18 V 10 ma
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€,

f.

g
h.

i.
Je

1.

m.

n.

O.

P.

Apply +18 VDC and -18 VI to J3.
Connect 4.684 MHz reference source (with attenuator) to Jl.

Connect RF Voltmeter to J1 (use high impedance probe). Ad-
Just reference input level to 223 mv RMS.

Connect 4.684 MHz signal generator (with attentuator) to J2.
Connect RF Voltmeter and adjust signal input level to 7 mv
RM™S.

Connect oscilloscope to TPl and adjust signal generator fre-
quency control to approximately 100 cps either side of
4,684 MHz, (Observe 100 Hz beat note on scope.)

Tune T4 and T3 for meximum beat note amplitude.

Decrease reference signal input until beat note amplitude

" 1is approximately 1/10 the value observed after completion

of Step g. :

Tune T1 and T2 for maximum beat note amplitude (It may be
necessary to repeat Step h. several times while tuning T1
and T2 for maximum.).

Repeat Step d.

Connect oscilloscope to TP4 and adjust TS5 for maximum beat
note amplitude,

Decrease reference signal input until beat note amplitude is
approximately l/lO the value observed after completion of
Step k.

Tune T6 for maximum beat note amplitude. (It may be neces-
sary to repeat Step l. several times while tuning T6. )

Repeat Steps c, d and e.

Connect Oscilloscope to TP4, Adjust 4,684 MHz signal input
level (7 mv RMS 0.5 mv RMS) until the beat note amplitude
at TP4 1s equal to 0.5 volt p-p. (0.25 V/Rad) (Tailor Rik
if necessary. )

Connect d-c voltmeter to TP4, Adjust C2 for d-c balance

(#1 mv d-c). (Tailor R4l if necessary to obtain the required
balance.) (R44 may be placed in series with R6, R7, R8 or

RO as required.)

T-15
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Connect d-c voltmeter to TPl. Adjust Cl for d-c balance
(#1 mv d-c). (Tailor R4S if necessary to obtain the re-
quired balance.) (R4S may be placed in series with R30,
R31, R32 or R33 as required.)

Disconnect signals from J1 and J2.
Connect jumper from TP1 to TP2.

Connect d-c voltmeter to TPS5. Adjust screwdriver control on
top of P65 amplifier, Al for d-c balance (%l mv d-c).

Connect oscilloscope to TP2. (Do not remove jumper.) Adjust
signal oscillator frequency control for a beat note frequency
of 1 1/2 Hz. Measure peak-to-pesk voltage. This should be
0.5 #*0.1 V.,

: Connect oscilloscope to TP5. Adjust R2 for a gain of 16.

Increase beat note frequency till amplitude at TPS5 drops
to 0.707. Record frequency. This break due to R24k, C23
should be at about 20 Hz.

Reconnect signal inputs to J1 and J2 per Steps c, d and e.

7.6 Alignment and Test Procedure for Phase-Lock Loop Filter Mdule

7.6.1 Test Equipment List

Quan. Description Manufacturer Model ﬁ
1 RF Voltmeter Boonton Electronics’ 91C
1 Signal Generator Hewlett Packard 606
1 Vacuum Tube Voltmeter Hewlett Packard 410B
1 DC Voltage Source 0 to -L4 V.
1 Microvoltmeter Kay 302B
2 DC Power Supplies Hewlett Packard T21A
1 620 ohm, 1/2 W. Resistor

7.6.2 Procedure

7.6.2.1 Signal-to-Noise Detector Section (QlL - Q7)

Apply +18 VDC to Pin 4 J2 and -18 VDC to Pin 5 J2. Pin 1 is ground.
Check for excessive current in either supply lead. Refer to Figure 7-5 for
a block diagram of the test set-up and to Figure 8-16 for a schematic
diagram of the module,
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Apply a 2.305 MHz signal to J1l and adjust Tl, T2 and T3 for
maximum DC at TP3. Check to see that the output at TP3 is essentially
lincar with input signal level up to at least SV DC.

With 5V DC output at TP3, adjust R20 until voltmeter at TP2
changes from O to 5 V. (Meter should suddenly change from one reading
to the other as R20 is changed.) With R20 set at point where voltmeter
at TP2 Just changes from O to 5 V, reduce 2.305 MHz input to J1l until
voltmeter at TP2 changes from 5V to O V. This should require less than
2 db reduction in signal level. Reduce 2.305 MHz input to J1 until volt-
meter at TP3 reads, 0.5 volts. Readjust R20 until voltmeter at TP2 changes
from 0 to 5 V. Reduce input to J1l until voltmeter at TP2 changes from
5 V to 0. This should require less than 2 db change in signal at Jl.

7.6.2.2 Acquisition Circuit - Loop #1 (Q8 - Q10)

Connect a 100 ohm resistor from Pin 12 of J2 to -18 V supply (Pin
5, J2). Apply a DC voltage source of zero to -4 volts to Pin 3 J2. Read
the voltage at TPl with the HP 410B VIVM. When the input voltage is zero
TPl should show zero volts. When the input falls to -4 V the voltage at
TI'1 should be +5 V. TPl can be trimmed to +5 volts by tailoring R39 if .
necessary. Change voltage to Pin 3, J2. At a voltage of around 1 volt,
TPl should change back to O volts, and at about 2 volts, TPl should change
to +5 V. If necessary, tailor R36 to obtain the change within this range.

7.6.2.3 Acquisition Circuit - Loop #2 (Q13 - Q1k)

Apply a DC voltage source of zero to -4 volts to Pin 16 J2. Con-
nect a 620 ohm, 1/2 watt resistor between Pin 4 and Pin 17 J2. Measure
the voltage across the resistor with the HP L10B VIVM. With zero input
volts the resistor voltage should be near zero volts., With the input
voltage at -4 the resistor voltage should be at least 17 volts. Resistor
current should change rapidly when voltage at Pin 16, J2 is between -1
and -2 volts. If necessary, tailor RS8 to obtain this condition.

7.6.2.4 Check Voltage Levels at Zener Diodes

Diode Voltage
CR-3 ' -15
CR-4 +15
CR-5 +10
CR-6 210
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7.6.2.5 Check and Alignment of the Phase-Lock Filter and Tuning Circuits

8. Check output range of R67 by observing J2 - 18 and turning
R6T to each extreme. The range should be about +9 to -9
volts.

b. Set zero trims, R46 and R64. Energize K1 by applying -4 V
to Pin 3, J2. Ground Pin 6, J2. Adjust R46 for zero volts
at TP4, Remove -4 V from Pin 3, J2 and open Pin 6, J2.
Turn R67 for zero volts at J2 - 18, then ground J2 - 18.
Make sure J2 - 6 is open circuited (no input). Place VIVM
at TPk, Adjust R6L for zero reading on VIVM. (Use a scale
with sensitivity of around 0.1 volts full scale.) Remove
ground from J2 - 18,

7.6.2.6 Check of Doppler Polarity and Frequency Analog Outputs

Look at voltage at TP4, J2 - 9 and J2 - 8 with VIVM. Set R67 for
the following listed TP4 values and observe the outputs at J2 - 9 and
Je - 8. ‘

TP } J2-9 J2 - 8
Zero Zero 20,05 V +2.,5 0,5 Volts
+9 Volts 4+ 1 +#.5 £,5 Volts
-9 Volts -6 +1 +0.5 %,5 Volts

1.7 Alignment and Test Procedure for VCO-1 Module

Refer to Figure 7-6 for block diagram of test connections.

T.7T.1 Test Equipment List

Quan., Description Manufacturer Model #
2 DC Power Supplies Hewlett Packard T21A
1 RF Voltmeter Boonton Electronics 91C
1l Oscilloscope Tektronix 531
1 Spectrum Analyzer Lavoie 1A19
1 Counter Hewlett Packard 524B
1 Digital Volt-Ohmeter Beckman/Berkeley 5350
1 RF Generator Hewlett Packard 608
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FIGURE 7-6 Block Diagram of VCO-1 Module

T.7.2 Alignment

7.7.3

a. Connect the RF Voltmeter to J2 (50 ohm load). Apply +18 V DC
tOJl-ll». )

b. Tune L1, L2, T1 and T2 for maximum output at J2.
c. Connect the RF Voltmeter to J3 (50 ohm load).
da. Tune T3 for meximum output at J3.

Test Procedure

a. Connect the RF Voltmeter to J3 (output O dbm %1 db). Connect
the RF Voltmeter to J2 (output O dbm 11 db).

b, Connect the Spectrum Analyzer to J2.

c. Check for harmonic components of 10.539 MHz (At least 40 db
attenuation except for the desired 84,312 MHz). The output
at J3 should be the same as the J2 output,

d. Disconnect the VCXO output.



7-8

Inject an 84,312 MHz (+10 dbm) signal (RF Generator at J2)
through a 10 db attenuator. Connect the spectrum analyzer
to J3. The 84.312 Miz signal must be down at least 40 db

(-40 dbm) from J2 signal input.

Reconnect the VCXO output.

Vary the input DC control at J1 - 6. Connect the counter
to J3. ' '

The output frequency should vary linearly over %9 volt range
at 17..6 KHz/volt. '

Alignment Procedure for Doppler Detector Module

8.

b.

Ce

d.

Input - 140.52 MHz to J1.

. Observe - TPl using high impedance probe of 91-C

Adjust C2 for maximum capacity.

Adjust Cl for meximum output.

Adjust C2 for maximum output.

Check bandpass characteristics for double peaks. If double
pesks or asymetrical characteristic is observed, reduce
capacity of C3 by bending "tabs" and repeat this step. "Tabs"
are silver plated copper ribbon soldered to top of C2 and Cch,
Input - 1%0.52 MHz to Jl.

Observe - Base Q2 using high impedance probe of 91-C

Adjuét C8 for meximum output.

Input - 140.52 MHz to base Q8.

Observe - Emitter Q2 using high impedance probe of 91-C
Adjust C4T for maximum output.

Input - 140,52 MHz to base Q7.

Observe - Emitter Q2 using high impedance probe of 91-C.

Connect 1,2 K 1/l W resistor across L20 and adjust C43 for
maximum output.
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f.

e

Remove 1.2 K resistor from L20 and connect across L21 and
adjust Cll for maximum output. Remove 1.2 K resistor.

Input - 28.104 MHz to base Q6.
Observe - Collector Q7 using high impedance probe of 91-C

Connect 3.3 K 1/4 W resistor across L17 and adjust C37 for
maximum output.

Remove 3.3 K resistor from L17 and connect it across L18
and adjust C35 for maximum output. Remove 3.3 K resistor.

Input - 14,052 Mz to TP2, (Be sure to use blocking capacitor
at this point is not at DC ground.)

Observe - Collector C6 using high impedance probe of 91-C

' Adjust C29 for maximum output.

Input - 70.26 Mc to J3.

Observe - TP2 using high impedance probe ofA9l—C.

Adjust C17 to maximum capacity.

Adjust C24 for maximum output.

Adjust C1lF for maximum output.

Check pass band. If double peaked or asymetrical, reduce
C20 by bending "tabs" apart. If pass band is too narrow
increase C20, If C20 is changed repeat this step.

Input - 84,312 MHz to JS.

Observe - TP3 using high impedance probe of 91-C

Adjust C21 to maximum capacity.

Adjust C23 for maximum output;

Adjust C21 for maximum output.

Check pass band. If couble peaked or asymetrical, reduce

C22 by bending "tabe". If too narrow, increase C22, If
C22 is changed, repeat this step.

During the entire alignment procedure it is important to keep the

input signal noise level below the point where saturation occurs.
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T.9 Alignment and Test VCO-2 Module

7.9.1 Test Equipment List

Quan.

2

-

Description Manufacturer Model f

Transistorized Power Power Designs Inc. Model 5015A

Supplies (or capable
of $18 V at
150 ma)

RF Voltmeter Boonton Electronics 91-C

DC. Vacuum Tube Hewlett Packard hi2a

Voltmeter

Special 2.342 Mc Signal Generator w/Phase Modulator

Attenuator Kay 30-0 ' 432¢C

Oscilloscope Tektronixs 531 w/Type B
plug-in unit

Frequency Counter Hewlett Packard 524-B w/Video
Head

Phase Meter Technology Instru- Type 320A

ment Corp.

Crystal Oscillator 2,342 MHz w/223 MV Output to 50 ohms '

7.9.2 Procedure

a.
b.
c.
d.

€,

f.

Be

Apply +18 and -18 volt power to module.

Check and record both currents.

Check for -15 volts DC at CRl.

Check for +15 volts DC at CR2.

Check tuning circuit. Kl not energized. Look with DC volt-

meters at TP3 and TP4. Turn R3 full cw then full ccw. TPS
should vary to at least +2.5 and -2.5 volts. TP3 should

follow TPS5.

Balance Rl and R2, Set R3 for zero volts at TPS5, then

ground TP5. Adjust R2 for zero volts at negative input to
A2 or TP6. Next adjust Rl for zero volts at TP4, Repeat

. adjustment procedure for R2 and Rl if necessary. Remove

ground from TPS., Final adjustment will be made in receiver

alignment.,

Alignment of Output Amplifiers. Set R3 for zero volts at

TP3., With RF voltmeter and 50 ohm load observe level at J2,
Tune T1 for maximum output at J2. Output at J2 should be
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h.

+10 dbm into a 50 ohm load. If more than 1 db in error,
tailor R20. Record level at J2. Check and record level

at TP2. Check and record level at J3. Tune T2 for maxi-
mum output at J3. This level should be O dbm *1 db. Tailor
R27 if necessary. Record level at J3.

Check and record voltages at J1 - 14 and at J1 -9 also re-
cord frequency at J2 with frequency counter for the follow-
ing four settings of R3. First set R3 for 2.342000;
2.342500 and 2.341500 MHz on counter. Then set R3 for zero
voltage at J1 - 1k, Voltage at J1 - 1l should vary over

a range of -2.5 to +2,5 volts. Voltage at J1 - 9 should
vary over a range of O to 5 volts.

7.10 Alignment and Test Procedure for 2.342 MHz Phase Detector Module

7.10.1 Test Equipment List

Description Manufacturer Model i

Quan.
T2 DC Power Supplies Hewlett Packard T21A
1l RF Voltmeter Boonton Electronics 91C
1 DC VIVM Hewlett Packard Li2aA
1 Oscilloscope Tektronix 531
1 Signal Generator Hevwlett Packard 606
Use 2.342 MHz Reference
from Frequency Synthesizer
2 Attenuator Kay 30-0 432C

7.10.2 Procedure

8.

b.

Ce

d.

€.

f.

Remove jumper from TPl to TP2, Remove jumper from TP3 to
TP4, Set Rl, Cl and C2 to approximate mechanical center.

Apply +18 VDC and +18 VIC to J3.
Connect 2,342 MHz reference signal (with attenuator) to Jl.

Connect RF Voltmeter to J1 (use high impedance probe). Ad-
Just reference input level to 230 mv RMS.

Connect 2,342 MHz signal generator (with attenuator) to J2.
Connect RF Voltmeter and adjust signal input level to T mv
RMS.

Connect oscilloscope to TPl and adjust signal generator fre-
quency control to approximately 100 cps either side of 2,342
MHz. (Observe 100 Hz beat note on scope.)
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i.

Jo

k.

1.

m.

ne.

O.

q.
r.

t.

u.

Tune T4 and T3 for maoximum beat note amplitude.

Decrease reference signal input until beat note amplitude
is approximately 1/10 the value observed after completion of
Step g.

Tune T1 and T2 for maximum beat note amplitude (it may be
necessary to repeat Step h, several times while tuning Tl
and T2 for maximum).

Repeat Step 4.
Connect oscilloscope to TP4 and adjust TS5 for maximum beat
note amplitude.

Decrease reference signal input until beat note amplitude is
approximately 1/10 the value observed after completion of

. -Step k.

Tune T6 for meximum beat note amplitude. (It may be neces-
sary to repeat Step 1. several times while tuning T6.)

Repeat Steps ¢, 4, and e,

Connect oscilloscope to TPh. Adjust 2,342 MHz signal input
level (7 mv RMS #+0.5 mv RMS) until the beat note amplitude
at TP4 is equal to 0.5 volt p-p. (0.25 V/Rad). Tailor Rk
if necessary.

Connect DC Voltmeter to TP4, Adjust C2 for DC balarce

(+1 mv DC). (Tailor Ril if necessary to obtain the required
balance.) (R44 may be in series with R30, R31, R32 or R33
as required.)

Disconnect signals from J1 and J2.
Connect Jumper from TPl to TP2.

Connect DC Voltmeter to TP4. Adjust screwdriver control on
top of P65 amplifier, Al for DC balance (+1 mv DC).

Reconnect signal inputs to J1 and J2 per Steps ¢, 4 and e.
Connect oscilloscope to TP2, (Do not remove Jumper.) Adjust
signal oscillator frequency control for a beat note frequency

of 1 1/2 Hz, Measure peak-to-peak voltage, This should be
0,5 #0.1 V,
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v. Connect oscilloscope to TP5. Adjust R2 for a gain of 16.
Increase beat note frequency till amplitude at TPL4 drops
to 0.707. Record frequency. This break due to R2l, C23
should be at about 20 Hz.

w. Connect jumper from TP3 to TPL.

X Look at TPl with oscilloscope (Jjumper in) and obtein a 1 KHz
beat note. Record amplitude. Check and record amplitude of
1 KHz output at J4, with R11l set for maximum.

y. Adjust R1l for 5 V. p-p output at J4 at 1 KHz. Increase beat
note frequency and observe frequency at which output drops
by 3 db (to 3.5 volts). This should be in the order of 100
KHz or higher.

7.11 Alignment and Test Procedure for Range Signal Extraction Module

T.11.1 Quan. Description Manufacturer Model f

1 Vacuum Tube Voltmeter Hewlett Packard - 410B
1 DC Oscilloscope Hewlett Packard 150A
1 Signal Generator Hewlett Packard 606A
2 Signal Generators Hewlett Packard 200C
2 Power Supplies Hewlett Packard T21A
2 500 ohm Load Resistance

2 1 K 1/2 Watt Resistors

1 Frequency Counter Hewlett Packard s52uC
1 Video Amplifier Hewlett Packard 526A

T.11,2 Procedure

73.18 KHz Channel (Ql - Q3)

Apply 318 VDC to Pins 4 and 5 of J2, respectively. Pin 1 is ground.
Check for excessive current in either supply lead. Refer to Figure T-7
for a block diagram of the test set-up and to Figure 8-21 for a schematic
of the module.

Apply a 73.1875 KHz signal to J1 at 0.5 V peak-to-peak, 500 ohms.
With the two bandpass filters connected properly, adjust R10 to obtain
a TO7 millivolt RMS sine wave (2 V p-p) at J6 (TP2) across a 500 ohm load.

1 KHz Video Extraction Channel (Q4t - Q7)

Modulate the 73.1875 KHz signal at J1 with a 1 KHz square wave,
Adjust R19 about mid-range. Connect a DC oscilloscope to J7 (TP3)
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and adjust R31 (clipper sdjust) and R34 (level adjust) to obtain & 5.5
volt peak-to-peak square wave which is zero volts at the bottom of each
negative going swing. AdJjust R31 to provide best balance between posi-
tive and negative portions of wave form. J7 should be terminated in
500 ohms for this test. TP3 is located on the printed board.

2.2871 KHz Range Tone Channel (@8 - Q13)

Apply a 2.2871 KHz signal at -2 dbm to Jl. Monitor the output
at J8 (TPS) across 500 ohms with the oscilloscope while adjusting RS1,
R52, R62, and R63 for maximum output with no oscillation. Then adjust
R66 for approximately 0.707 volts RMS. Check the -3 db bandwidth to
make certain it is approximately 100 Hz. R103 and R1O4 might have to
be adjusted slightly to set the loop gain in each of the two cascaded
amplifiers so that oscillations can be suppressed.

71.47 Hz Range Tone Channel (Q8, Ql4 - Q18)

Apply a T1.47 Hz signal at -2 dbm to J1. Monitor the output at
J9 (TP6) across 500 ohms with the oscilloscope while adjusting RT4, RT7S,
R85, and R86, for meximum output with no oscillation. Then adjust R89
for approximately 0.707 volts BMS. Next apply two signals at J1 at the-
frequencies 1.108 and 1.179 KHz and each at the same level which produces
combined amplitude of 3.1 V p-p at J1 as shown in Figure 7-8. Then 1 K
resistors provide isolation between generators. Adjust R66 and R89 for
0.707 volts RMS each at J8 and J9, respectively. Check the output fre-
quency of each channel at TP5 and TP6 for 2.2871 KHz and T1l.U47 Hz,
respectively.
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8.0 SCHEMATICS

The following are schematic diagrams of the various chassis and
modules of the AROD Vehicle Tracking Receiver:

ITTFL # AROD #
5503851 A18100
5503726  A180L0O
5504060 A18200 °
5504060  A18400
5504064  A18600
5504061  A18210
k70722l . A1BL1O
5504065  A18610
5504062  A18220
4707206  A18L20
5504066  A18620
5504063  A18230
5503725  A18430
5504067 A18630
5503764  A18440
55037688  A18L50
b707243  A18L6O
5503881  A18500
k707251  A18480
5503790  A184T0
5503782  A18490

DESCRIPTION
RF and Power Supply Chassis
1st I-F Amplifier
Chassis Schematic - Arod Channel #1
Chassis Schematic - Arod Channel #2
Chassis Schematic - Arod Channel #3
ond Mixer - Arod Channel #1

2nd Mixer - Arod Channel #2

2nd Mixer - Arod Channel #3

ond I-F Amplifier - Arod Channel #1
2nd I-F Amplifier - Arod Channel #2
ond I-F Amplifier - Arod Channel #3
3rd Mixer - Arod Channel #1

3rd Mixer - Arod Channel #2

3rd Mixer - Arod Channel #3

4,684 MHz Phase Detector

PLL Filter

VCO-1

Dopplgr Detector

VCO-2 |

2.342 MHz Phase Detector

Range Tone Extraction

8-1

FIGURE
8-1
8-2
8-3
8-l
8-5
8-6
8-7
8-8
8-9
8-10
8-11
8-12
8-13
8-1k4
8-15
8-16
8-17
8-18
8-19
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APPENDIX A

Test data of Receiver Channels No. 1 and 3 is presented here.
This data was taeken without benefit of a frequency synthesizer or input
signal simulator. Therefore, it may not reflect the performance of the
receiver when operating with the actual signals to be received.
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}5151 Bledsoe Street

San Fernando, California LU ‘ LU U federa/

:;_;z LABORATORIES

telephone EMpire 7-2211

AROD FINAL TEST DATA

Channel # Z

REQUIRED REFERENCES (Inputs)

To J-12 Frequency 4,684 MHz
tevel =2, 5 dbm
“To J-11 Frequency /2, ¥ ¢ & MU Z
< Level - & 0/ b,
To J-6 Frequency __ 70.26 Miz
Level
To J-9 Frequency 140,52 MHz
Level

SPECTRUM SIDETONE LEVELS

High Frequency Carrier 0 db

Low Frequency Carrier . — b db

A Lower 707
T3 MHz Sideband Upper 0P, db *

1.179 KHz Sideband -8  go#

1,107 KHz Sideband - db *

# Measured at J-4 on Module No. 2, with respect to the
2,342 MHz signal.

A DIVISION OF INTERNATIONAL TELEPHONE AND TELEGRAPH CORPORATION

Chicego

Fort Wayne

Pealo Alto

8an Fernando
Nutley

==l -

Eﬁ S



RANGE TONE OUTPUTS

At J-17 Frequency 2,342 Miz
tevel 2, 3V P-P S0 Load
At J-13 Frequency 73.1875 KHz
tevet 4,0 V P-P , FI0affa 2V P-P
At J-15, Frequency 2.2871 KHz
vl bV Max, Rblwd frr RV PP (onz.)
At J-16 Frequency 71.47 Hz

Level ZVMQ/( /fgy,,,;l/,, 2V PP
2 -lkHz ,47‘J4 of A8 Level 5y p- ;o R 41 St 2 Lo ot 100 dbny

73k Hz A+d4 ofAR Level D25V, P‘P Aot aipal (96 76‘&8/1//3

DOPPLER SIGNAL OUTPUT

At J-T Frequency 2.5 Hz to 1.6 MHz

Level +




DOPPLER POIARITY OUTPUT

At J-1 - R
3 4,684 MHz Loop
Volts Freq. A J-'-l on A-5 Freq., Meter
+9
0 £4,323 € + 4,&
-9 . -
- 3,85 84,452 Miz +/36
+ 0,48 8k, 312 Miz - 6
+&,45 84,172 Miz - /47 : N
/009 Spuare Wave 0% K /o S&

VIDEQO OUTPUT (3.7.2) * (56% Modulation of 73 KHz)
OVP-P R34 .0ffa 2V P-P
Amplitude of 1 KHz Video @ J-1l ’ /Vo/-sy 2t ~700 dbn
ACQUISITION SIGNAL (3.7.3) *J)-M Lnpot to Medvle [/
Sormewhat hocsy @t ~70bn,
Level Acquired ~]93 démi  +&,/Var JI-M A

Level Unacquired -/4 4 oV, '

MONITOR POINTS (3.8) *

a. AGC Voltage at J-1 - G

vs Signal into Module 1l

Input Volts at J-1-¢ & AGC Meter
143 dbm 2,0 2.0
-1h2 2.3 2,8
-140 3.9 3, F
~135 3.9 3. 9
-130 3, b 4,/
-125 3,75 4,25

* Refers to AROD-SPEC-9, Dated 26 August 1963
' -3-.



3

A

T I

VS Sipnal into Module 11 (Cont.)

Tnput Volts at J-gggﬂég AGC Meter
-120 dbm 3 & 4,33
-115 3.9 4.7
-110 3.9/ 4,92
-105 S IVACH + 7S
-100 <,0 4,8
_95 413 0 40&0

b. Acquisition Signal at J-l?{ N
Not Acquired 0 (< o000/ V) |

Acquired + 5‘: / VJ L(Q. '

c¢c. Noise Analog Signal at J-1-L
Input -140 avm 5, O V.G( c

-135
-130
-~ 125
~ 120
~ 115
- 110
-/0S
- 100

— 90
- 80

4. 34 4.7
319
I, 72
297
/i 33
0606
H,. 30
0.12
LD 1[5

ke



d. Signal-to-Noise Ratio J /" H

Adjust R-13-Ak to switch at designated input levels.

Input Level On Level ___ Off Level
~140 o bm ~) 9 Odbn, =139 dbn
=487 ~ /00 -9g
— 125 -/5 -/Z2%

(Leave set at ~125 dbm)

Output Voltages

i"" _ J1-J J1-K
| __on 3/ S/ -
T | " OFF .15 O /S5
r e. VCO 2 Voltage at J-1-E
: 2,342 Miz i.oop
J-1-H Volts ___ Frequency TP3AT Volts __ Freq. Meter
3.7 2,342 +/, 02 ~200
288 2,313208 0 .0
[, 1 2,3425 = /i S5/ + 280
4,25 2.3M5. + 3,885 =580 " Toff seale!

INPUT POWER

+18 VIC élo ma
asve 3 4O ma

SENSITIVITY

Lowest level to Module 11 where phase-lock Loop #1 stays

locked . - / 4 3 dbm




P e

Lowest level to Module 11 where Loop #2 stays locked

-/3[ aom

Lowest level to Module 1 where Loop #1 stays locked

- /0S5 am
Lowest level to Module 1 where Loop #2 stays locked
' - &6 amm
CORRELATTON METERS No Modola Feo
RF Level 4,684 MHz 2.2 Mz O" % '3q_zglﬂ f’f/
To Module 11 Loop Corr. Meter Loop Corr, Meter , \L 9
- 90 dbm 4,05 3,68
-100 4,00 4,/0
-110 4.0 | 7.0 4
-120 +.0 ; 2.9/
=7z5dbm = [.2€
-130 3,9& o180 ..
-135 3.98
-140 3 9 3
-1k2 s,&
143 3,25
-1bl 2. ¥

" NOTE: Relationship ,of main carrier to modulated carrier

(2.342 MHz below main carrier) at input to Module 11 is

+ b

db,

-6-.
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PHASE-LOCK LOOP BANDWIDTHS

Calculated
3 db BW Noise BW
Loop {1 44
Loop #2 4.4 / 345
PULL-IN RANGE
+ Frequency - Frequency

Loop g1 > JhH2(IR00HZ) > [KHZ
Loop #2 = J00 Kz > 9002 at ~120dé mq

AGC RESPONSE TIME ' -

0 ¢ 3 Seconds

S —————————

Test Data Recorded By:

2574

‘7ﬁﬁy&)l.
ﬁjé\/.&—h‘vjé-ﬁ,;d&i__

muuzwé/$;/964'
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15151 Bledsoe Street

San Fernando, California

telephone EMpire 7-2211

“‘l EU‘ 'UDC'J "ﬂ Federal

= LABORATORIES

AROD FINAL TEST DATA

Channel # ~E§

REQUIRED REFERENCES (Inputs)

To J-12

To J-11

To J-6

To J-9

SPECTRUM SIDETONE LEVELS

High Frequency

Low Frequency Carrier
73 MHz Sideband
1.179 KHz Sideband

1.107 KHz Sideband

Frequency 4,684 MHz

Level = 2 dbm

Frequency /9, 438’@

Level — [a (/A n

70.26 MHz

Frequency
Level ‘+J/£> c/é»rrw
Frequency 140,52 MHz.

‘wm.+é.4dbn1

Carrier 0 db

"(b db

-7 db *
— 4 o«
Y

Chicago “{:i
Fort Wayne ‘f
Palo Alto Vt
San Fernando l, !
Nutley !I |
EETI

NOTE: Tests performed on this
channel without use of Module
11 (1st IF Amplifier). There-
fore all signal levels are
those into Module 1 (2nd mixer)
and are 53 db above equivalent
input to module 11l. However, ..
the noise, which is due to the
amplified input noise of Module
11 is not present, So results
are not same as when Module 11
is used. For example: When
Module 11 is used, phase lock
is lost on weak signals due to
phase noise. When Module 11

is not used, phase lock 1s lost
due to insufficient signal
level, rather than phase noise.

* Measured at J-4 on Module No. 2, with respect to the
2.342 MHz signal.
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RANGE TONE OUTPUTS

At J-17 Frequency ___ 2,342 Miz
tevel 2.0 V. Pook-fs-Pock with SO load
At J-13 - Frequency ___ 73.1875 KHz |
Level Z: 3 V. Fea k-1o-Feak.Max Set at 2.0 V. P-P
Vv e AL J15 Frequency  2,2871 KHz
T—W Level 7V, Bali-to Peak avevage level, Sedf art

At J-16 Frequency  T1.47 Hz R,0 V. P-P Avs. level,
, Level 2V Peak -to-fockk Max , ,

S'ﬂ”“/ at J¢ of Modvle & Set +or Lo v. P'p‘ ovipvt '(}?7/) wi? b
the L1007 and 1,179 WHz Midolation a/yﬂ/f_eJ. With 73 wHz

.z/"/oc/v/afl;u, this Jevel was O.&V. P-P.

DOPPLER SIGNAL OQUTPUT

At J-T Frequency 2,5 Hz to 1.6 MHz

’Level 200V + "646 071' /céM#-Z’

T his excessive t/ro/ooff at 6 AH2
/'S believed #o be dee +o Low rc‘{ffence

at /90,82 MHz,




DOPPLER POLARITY OUTPUT

At J-1 - R
4,684 MHz Loop

Volts Freq. A J-2 on A-5 Freq. Meter M HZ

49 29,16 7F MHZ - }53 (est) S/Z“a/f 9
0 £$9,3/188 MKz O t/;/é;g
o §9.5272 MH= + 1SG KHEESH

- 6./ 8k, 152 Miz + /3l KHE

+ 0,36 8l,312 Miz - FEHHE

+ &, 7S 8l.172 MHz - |4F HHZ

' /100 Yo Sgvare Weave. ' -

VIDEO OUTPUT (3.7.2) * (éoﬁAModula.tion of T3 KHz)
Amplitude of 1 Kiz Video @ J-14 & Vi Max Peak-Toleak Set FZ;){;;‘V

ACQUISITION SIGNAL (3.7.3) *

Level Acquired - /04’ | Noa/v/e. // h.of awuZzA/e

Level Unacquired - / os

MONITOR POINTS (3.8) * ‘
a. AGC Voltage at J-1 - G /‘7"‘/" le /| net avarlable

v8 Signal into Module',kl/

Input Volts at J-1-6 AGC Meter
- 40 13 avm 3.80 3.43
~ S0 T 3,60 3. 27
- 60 -0 3,35 3./0
~ 70 a8 2,95 2,87
~ €0 -130 2.8 = 2,97
~ 25 109 2,40 2,20

(Tab/e coca)‘t'nveq/ o n nexf/ﬂage)

* Refers to AROD-SPEC-9, Dated 26 August 1963

“3a.



VS Sipgnal into Module 11 (Cont.)

Input Volts at J-1-6 AGC Meter
~q0 2328 dom [ 7F 1/, &0
~q § x5 ], 05 [/ 235
- 98 -u0 0, (& 0. 60
~/00 105~ O O, 15

e
-5

b. Acquisition Signal at J-1-M

Not Acquired 0,0V
" Acquired + 4,8V
c. Noise Analog Signal at J-1-L :
Input 520 dm ~9 8 dbm + 0,32V Dve #o

hot usz'nﬁ
- roma el v
120

110

100

8o

b



d. Signal-to-Noise Ratio

Adjust R-13-Al to switch at designated input levels.

Input Level On Level Off Level Mo dole / /
k- =G24 bm - 93448m -9/ A Not USC’L{,
110 |
125

(Leave set at -125 dbm)

Output Voltages

J1-J J1-K
ON S 07 S.07
OFF D, 06 O.0b
e. VCO 2 Voltage at J-1-H
2.342 Miz Loop
J-1-H Volts __ Frequency TP3AT Volts __ Freg. Meter
+/,8 V. o.32 MW2 - 0.5 + 8BS HZ
+2,28 2,391917 0 %
-0.37 2.3&300 ~-2,7% +490 H=
+ 4./ 2.3h1'?.oo | +/,1%8 ~-330H=
INPUT POWER
L | +18 VDC SO m
-18 VIC 4S8/ m
SENSITIVITY

locked

_ (Conn)llr'oue;/ hex * fage)

Lowest level to Module 11 where phase-lock Loop #1 stays

Modvle //

Net
Aval/aé/e

- dbm




T

,___A._ﬂ

Lowest level to Module 11 where Loop #2 stays locked

Modole //

N f‘
dbm A:a//d/“/e

Lowest level to Module 1 where Loop #1 stays locked

(R, 08 Nedion)

-/0% am Corvela
Lowest level to Module 1 where Loop #2 stays locked
.22 _am Co,lfrfc/q/,;,.)
CORRELATION METERS
At T Yoy VORIl AN
40" oo 3.90 3,58
—$0_ a0 3.90 3,94
~60 a5 3.90 3.9%
~70_ % 3.90 3, RS
-—R0 _i5 3.90 3,63
~85 s 3.90 2,83
-90 a5 3.90 O.78
-8 3,87 2
-98 . 3,84 O
=100y’ 3. 63 0

NOTE:

Relationship ,of main carrier to modulated carrier

/

(2.342 MHz below main carrier) at input to Module JX" is

_b

db.

-6



PHASE-LOCK LOOP BANDWIDTHS

Calculated
3 db BW [[F Noise BW
Loop #1 3/ M= 906 H =
Loop 2 3.5 /35 Hz /LZ//O Hz
PULL-IN RANGE
+ Frequency - Frequency
Loopfi > /000 HZ >/000 H =
Loop e > %00 H#Z >&eo HZz

AGC RESPONSE TIME

‘QL;\Z__Seconds
Lnpet abeot =50 of bim
t+o Madvle 1

Test Data Recorded By:

252, Eo o Sonens LF

3db6 B W
77‘(/{(5’*1 [4] S'
Poeia? where
/‘/14- s¢  Sh 4‘1[7(
/s 9Q0°, (/’Ci
/>/|0.S' ¢ bt‘/('(‘/c';—
CLT)uuf VS
/4:u '1c7</'0'1
lnf"‘;?‘ to
Phose /todolate!

G@ ”,

Wilh —80
a’bm l”ﬂ“f-.x_
T o Modvle

Al

K7 P10y eV

. Date: 3//5/&7




